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PREFACE

This is the third in a pei’iodic series of reports issued by the Metropolitan Planning-
Division, Federal Highway Administration. The three reports in this issue focus on two
distinct topics: analysis issues faced in small/medium sized urban areas and cost
-analysis. :

The first report discusses the analysis needs of small and medium size urban areas
as they attempt to meet the requirements of ISTEA and the 1990 Clean Air Act
Amendments. This report explains the rationale for new technical capabilities and then
explains how these new capabilities my be developed. A number of topics are
discussed including the following: muitimodal demand analysis, land use, social and
environmental impacts, time-of-day analysis, and post processing for speeds.

The second report describes the use of the Delphi process in projecting the allocation
of growth in urban areas. The report.is based on a case study of an application of
the process in a small urban area in' Texas. This same process could be used in
other urban areas, however its apphcatlon is most appropriate in urban areas with a
population .of 200,000 or less. .

" The third report provides assistance to those trying to evaluate transportation
_alternatives across modes by describing the process for performing a least cost

" analysis of investment alternatives. The method described is a tool for performing an .
analysis from a societal point of view using a common measure (i.e. total cost) in an
attempt to account for the full cost of each alternative. This methodology is applicable
for several different categories of alternatives including both infrastructure development
and systems management solutions. '






TRANSPORTATION ANALYSISNEEDS .
FOR SMALL AND MEDIUM SIZED URBAN AREAS

Patrick DeCorla-Souza, AICP
Federal Highway Administration

INTRODUCTION

Many small urban areas do not currently have four-step travel demand models, and may not
_ need to develop full-blown four-step models. A good traffic monitoring program
supplemented by manual analysis techniques for demand analysis may. be all that is needed,
in many cases; or a simple demand modeling computer package, such as QRS II, may be
adequate. This paper focuses on those areas which currently have four-step models, or are
required to have them because of air quality conformity requirements.

When travel models were first developed in the 1950s, their purpose was to provide a means
to evaluate major highway and transit investments and transportation system plans. Only
a crude level of accuracy of forecasts was necessary. Today, however, these models are
being called upon to evaluate, in addition, demand management policy impacts as well as
pollutant emissions impacts. These uses require a finer level of accuracy as well as
sensitivity to new variables which were. not incorporated. into the models of most small-and
medium sized urban areas which currently have models. '

The expansion of the role of travel models has resulted primarily from mandates inthe
Clean Air Act Amendments (CAAA) of 1990 and the Intermodal Surface Transportation
Efficiency Act (ISTEA) of 1991. Conformity regulatxons issued in November 1993 pursuant
to the CAAA have spelled out certain "standards" that travel models are required to meet
for conformity analyses. Planning and Congestion Management regulations also issued in
the Fall of 1993 pursuant to the ISTEA will require many (not -all) urban areas to develop
_enhanced modeling and technical analysis capabilities . to address multimodal evaluation
. issues, as well as issues relating to land use and demand management and evaluauon of
social, environmental and economic impacts of transportation alternatives. -

"This paper discusses the issues which unpact analysis needs in small and medium sized
-urban areas and explains the rationale for new technical capabilities. It then discusses how
these new capabilities .may be developed in small and medium sized urban areas. Urban
areas which are designated as nonattainment areas for ozone or carbon monoxide in serious
or above categories will need to develop enhanced travel modeling capabilities by January
1, 1995. Transportation Management " Areas (TMAs) will also need to develop enhanced
capabilities for evaluating congestion management strategies. Urban areas which are not
TMAs or serious or above nonattainment areas will also need enhanced analysis capabllmes
to address multimodal evaluation mandates in the ISTEA. .



This paper is organized as follows. First issues stemming from the ISTEA are discussed.
along with their implications for travel demand analysis and impact estimation. Next, issues
stemming from the conformity rules are discussed along with appropriate responses from
-small and medium-sized urban areas subject to the rule. The paper concludes with a
summary of technical assistance and training available from FHWA to assist urban areas in
developing appropriate analysis capabilities. ‘

ISTEA ISSUES

~There are no modeling requirements in the ISTEA or its related regulations. However, the
many requirements relating to evaluation have implications for the level of sophistication
‘of the travel demand forecasting process, while the requirements for public involvement
have implications for the level of transparency of the models to assure that the public can
understand . how they work. Small and medium sized urban areas may need to enhance the
level of sophistication of their. analysis procedures to address multimodal evaluation issues,
as well as land use, social, environmental, and economic issues which are emphasized in the
ISTEA, while at the same time assuring that the new sophisticated procedures remain
- transparent. ' o '

Multimodal Demand Analysis

Multimodal, intermodal and cross-modal evaluation are emphasized throughout the ISTEA.
The Act seeks to develop the most "efficient” mix of modal investments compatible with
social, environmental and economic goals, and to reduce dependence on single-occupant
“vehicle (SOV) travel. Thus, measures of transportation system performance and levels of
service, hitherto geared primarily towards highway travel in small and medium sized urban
areas, will have to reflect all modes. ' . :

Does this mean that travel demand models will also have to reflect all modes -- including
transit, bicycle and pedestrian, which have usually been excluded from the models? Not
necessarily. The answer depends on how significant a role these modes are anticipated to
have in future transportation systems. Even if a significant role is anticipated, there will be
_options relating to how these modes will be incorporated into the four-step process. For
" example, trip generation could be done by mode; or alternatively, person trips by all modes
could be generated, and then split into separate modes in the mode split step.

If person trips are generated during trip generation, possible ways to address this ‘issue are:
1. Use "off-model" software, i.e. software outside the four-step model, such as FHWA's
TDM software (1), to obtain changes in base mode shares due to specific pricing or

transit strategies. For example, FHWA’s TDM software accepts as input trip tables
from commercial demand modeling packages, and outputs modified trip tables for
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‘input into trip assignment. The TDM model uses a logit-based pivot point
procedure. : '

Borrow a mode’ choice model from a similar urban area and validate it. The
NCHRP Report No. 187 update (2) will include "standard" model coefficients for in-:
vehicle time, out-of-vehicle time and cost which may be used in small and medium
size urban areas after validation. However, considerable effort would be needed to
develop new transit networks to estimate the time and cost inputs. ‘

9

3. Use sketch plahning procedures.

A recent publication of the Washington Metropolitan Council of Governments (3), which

- will be distributed by FHWA, presents examples of application of off-model software, mode

choice modeling, and sketch planning techniques to analyze the travel behavior impacts of
various types of multimodal strategies. @~ FHWA is also developing an Advanced -
Transportation Systems Analysis course to address issues relating to demand analysis for

multimodal systems. :

. Land Use

Consistency between land use and transportation plans is required under the ISTEA. The
most sophisticated way to address the issue is to develop and calibrate linked transportation-
land use models, such as DRAM/EMPAL, ITLUP, MEPLAN and POLIS. These models
forecast the likely location of future employment and population growth based on changes
in accessibility as well as other zonal attributes such as available vacant land and zoning.
However, significant effort is needed. ‘to collect data and calibrate such models, and their
predictive abilities are questionable.  Therefore, such models wouid generally be
inappropriate for small and medium sized urban areas.

Small and medium sized urban areas may use simpler approaches to address this issue. For
éxample, they may simply compare changes in district-level accessibility indices with growth
forecasts, to ensure that districts with relatively large increases in accessibility have been
allocated a larger share of future regional residential or employment growth. A fairly
simple way to check whether zonal employment growth estimates are reasonable is to run
the gravity model for one iteration (instead of the three iterations normally specified), and
review the comparison of trips attracted to input trip attractions. For zones with too large
an imbalance, the imbalance may indicate that employment projections (and development
forecasts) need adjustment.

One issue relating to land use is the contention that if urban areas are to reduce '
dependence on SOV travel and encourage alternative modes, the key to the successful
achievement of such goals will be compatible development patterns The unphcauon for



travel demand models is clear. The model forecasts will need - to be sensitive to
development patterns such as density, pedestrian and bicycle friendliness, and land use mix.
This will pose a challenge to small and medium size urban areas, because except for studies
.in a few urban areas, such as Portland’s LUTRAQ study (4), such models have not been
used in the U.S. If major changes in future land use patterns are proposed for evaluation
in small and medium sized areas, trip generation rates will need to be. reviewed and
adjusted, at least to reflect density impacts.

Social Impacts

The ISTEA. encourages use of transportation policies to help achieve social goals. A major
target group, identified on page 1 of the ISTEA, is the economically disadvantaged. This
_group has been locked out of access to new jobs which have been primarily created in auto-
dependent suburbs in the last two decades. There is a debate as to whether this problem
should be addressed simply by providing more transportation services from central parts of
urban areas (where the majority of this group live) to the suburbs; or whether transportation

and other public policies should be used to encourage shift of job growth to central cities

and inner suburbs

There are unphcanons for travel demand and land use modeling procedures. Models may
need- to provide measures of accessibility to jobs and other social services for such groups.
Historically, the denominator of the gravity model has frequently served as an index of
accessibility of individual zones. ‘A 1972 report by FHWA (3) discusses the use of this
criterion as an evaluation measure and provides examples.

. Analysis procedures may also need to consider.the impact of transportation investments on
the continuing flight of jobs to the suburbs and further decline of central cities. This will
not be easy, since job location patterns depend on many more factors than just
transportation. For example, Leinberger (6) suggests that Sears moved its headquarters
from downtown Chicago to the outer suburbs to get away from what it perceived as a less
productive central city labor force. Such problems cannot be solved solely through
transportation policies, but. transportation policies and their potential contribution must be
included in the comprehensive planning process to address such issues. - FHWA has
therefore initiated a major research program to demonstrate. transportation’s role in
addressing the issue of access to jobs for the economically disadvantaged, and technical

~ assistance and training related to this issue will follow.

Other social impacts, for example unpacts on neighborhood cohesion, aesthetics, sense of
- place, livability and quality of life are not easily derived from travel model outputs.
Qualitative assessments of these impacts is all that may be- expected in small and medium

sized urban areas.



Environmental Impacts

The ISTEA mandates the assessment of both "direct and indirect” impacts of transportation
investments. The issue ‘arises from the increasing .concern about the external environmental
. costs of highways and vehicle use. Many indirect costs such as air, noise, water and land
pollution costs, or loss of natural or historical resources, are not borne by vehicle users.
Uncertain future impacts, such as climate change, are also a concern. -

These issues imply that environmental considerations must be included early in the planning
process, before and during development of transportation alternatives; and not "after the
lines are drawn on paper" or after transportation solutions are "cast in concrete”, simply to
consider mitigation of negative impacts of pre-selected alternatives.

To allow the computation of many types -of environmental impacts, travel analysis
procedures will need to be enhanced to provide more accurate speed estimates. Models used

- in most small and medium sized urban areas have been calibrated to provide good estimates

of traffic volumes, but not vehicle speeds. Accurate speeds are needed to estimate
emissions, energy use, and other environmental consequences of alternative transportation
plans, programs and projects. FHWA has developed a new course entitled "Estimating the
Impacts of Transportation Alternatives” which will provide the tools needed by urban areas
to perform "sketch planning” type impact analysis for reglonal system studies as well as
corridor or subarea studies.

Economic Impacts

The ISTEA’s theme of "efficiency” is reflected throughout the legislation. (The "E"in
ISTEA stands for Efficiency). The concern is that the U.S.cannot maintain competitiveness
in an  international marketplace if its transportation system is inefficient; therefore
~ inefficiencies such as congestion and inefficient use of limited road space during peak travel
- periods should be addressed in transportation plans and programs.

'Trans'pbrtation Management Areas (TMAs) as well as smaller urban areas which project
congestion in the future due to limitations of available funding to provide additional peak-
period capacity will need to consider congestion management strategies. This means- that
- they will have to upgrade their analysis procedures (either four-step, off-model or sketch
planning procedures) to provide the capability to forecast the impacts of strategies such as.
congestion pricing, parking pricing, TDM and TSM strategies, and land use strategies
designed to make travel more efficient.

FHWA is attempting to develop the types of tools and training programs that will be needed
to address these concerns. For example, FHWA’s forthcoming course "Advanced
Transportation Systems Analysis” will provide training in development of forecasting tools,
while the new course "Estimating the Impacts of Transportation Alternatives” will provide
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the tools which urban areas will need to evaluate the costs, benefits, and economiic efficiency
impacts of such strategies. Another new FHWA course "Congestion Management for
Technical Staff" provides tools to evaluate and momtor the impacts of congestion
management strategies:

The ISTEA also calls for evaluation’ of economic development impacts. Since economic
development depends on many factors other than transportation, such impacts will be
difficult to estimate at a localized level. Regional economic impact analysis procedures such
as mput-output models are too complex for most small and medium sized urban areas.
Qualitative assessments of the relative dlfferences [in economic impacts of alternatives

- should sufﬁce

SOV _Restrictions

In urban areas which are in non-attainment status for air quality, the ISTEA imposes
restrictions on the provision of new highway capacity which may be used by SOVs. Such
new capacity may not be built unless it comes from a Congestion Management System,
under which a host of management strategies will need to be considered.

~ This implies -that the travel demand analysis procedures in non-attainment areas will need
. to be capable of evaluating land use, TDM, TSM and pricing strategies. As discussed
earlier under "Multimodal Demand Analysis", the four-step process-or off-model procedures
may be used for such analy51s

CONFORMITY ISSUES

' In serious and above nonattainment areas, the conformity rules either require or "encourage"
- many model features . that are not currently employed in the forecasting processes of most
small or medium sxzed urban areas. These features are discussed in the following

subsecuons

Trip Generation

Sensitivity of trip attraction and production rates to measures of zonal accessibility is
"strongly encouraged” by the rules. This issue most likely stems from the contention that
.congestion will have a dampening effect on trip making -- therefore a "no-build™ scenario
should have less trips (and emissions) than current models predict, whlle "build" scenarios

should have more.

One "'sophisticated" way to achieve sensitivity of household trip production rates to
accessibility is to develop regression models based on zonal accessibility for each cell of the



trip production cross-classification matrix. Developing such relationships will involve
excessive new data collection and model calibration. In small and medium sized urban
areas, a simpler approach could be used. For example, trip rates could be developed
separately by urban density category or by location (i.e.central city,suburb, and rural fringe)
as a surrogate for zonal accessibility. * If severe congestion is forecasted, a quantitative
assessment of any impact on trip rates rnay be needed.

. Trip Distribution

"The conforrmty rules require travel times used in trip distribution to be consistent with
travel times resulting from tnp asmgnment Congestion, it is believed, will cause trips to be
sent to closer destinations. Thus, in a "no-build" scenario, travel distances (and therefore
VMT) will be less than in a "build" scenario. Implementing this feature in the forecasting
process will pose two main questions: '

1. How should congested travel times, which occur mainly during peak periods, be uSed o
' to distribute daily trips -- the majority of which actually occur in off-peak periods?

2. Travel times output by traffic assignment are not true travel times, but actually
"impedances" which are based on speed inputs adjusted during model calibration -to
obtain a better match of assigned volumes to counts. Should these "impedances" be
compared with travel times used in trip distribution? - Or would it be more
appropriate to first calculate "true" congested travel times based on speed-volume
relationships and the assigned vehicle volumes?

Clearly, the questions raised above will need to be resolved before urban areas venture to

implement the requirement for travel time consistency between trip distribution inputs and
traffic assignment outputs FHWA is currently undertakmg research to develop appropnate
techniques. ‘ :

. 'The conformity rule also requires sensitivity of the trip distribution model to pricing under
certain conditions. A simiple way to introduce such sensitivity would be t0 add the time
equivalent of tolls and parking charges (with value of time based on some percentage of
~ average wage rates) to the travel time matrix used as input into trip distribution. Note that
recalibration of friction factors would be needed, as well as data on average parkmg costs
by zone. In urban areas where parking pricing or road pricing strategies will be considered,

the extra effort may be Jusnﬁed

Mode Split

The conformxty rule suggests that mode split models should be sensitive to pricing and
transit travel times, where significant transit or pricing strategies are anticipated. In many



small and medium sized urban areas, this will pose a problem, since trips are either
" generated as vehicle trips so that a mode ‘split step is not needed, or person trips generated
during trip generation are split by mode in the mode split step using base year percentages,
~ and auto person trips are converted to vehicle trips using base year auto occupancies.

To address this issue, mode split models could be upgraded either based on a mode choice
model borrowed from another urban area or from the NCHRP Report No.187 update (2),
or using "off-model"” procedures as discussed earlier under the section "Multimodal Demand
Analysis". Of course, person trips will need to be generated during trip generation.

Traffic Assignment

_ The conformity rule requires that input free flow speeds be based on empirical observations.
The contention is that many urban areas use posted speeds as inputs instead of observed
free flow speeds. They therefore often underestimate these speeds since speed limits are
often exceeded by motorists. Lower speeds will tend to underestimate NOX emissions, and
‘on high speed facilities, HC and CO emissions as well.

Addressing this conformity requirement appears simple. It appears that all that is required
is to recode the network speeds to match sampled observed free flow speeds on various
. facility classes. However, such recoding could result in major shifts in assigned. traffic
- volumes so that they no longer match ground counts. This is because free flow speed inputs
are often adjusted by modelers during model calibration simply to get a better match of
assigned volumes to ground counts. In other words, free flow speeds used as input in many
assignment models are not meant to be accurate speeds but only calibrated "impedance”
- parameters. : ’

Perhaps a simple way to address this issue is through'-.pos't-processing. of assigned traffic
volumes using "accurate" speed-volume relationships to get better speed estimates. Post
. pocessing is discussed in a later section. ‘ , -

Time-of-Day (T-O-D) Analysis

- The conformity rule requires models to provide peak.and off-peak travel demand and travel
time estimates. There appear to be three relevant impacts of T-O-D analysis. First,
emissions models ‘predict higher emissions at the low and the high ends of the speed range;
therefore separate peak and off peak speeds should generate higher modeled emissions than
a composite peak/off-peak speed. Second, a "no-build" scenario might show less congestion
and emissions if the time-of-day analysis procedure incorporates peak spreading effects. In’
other words, under a "no-build" scenario for which peak spreading is modeled, estimated
peak speeds may not be as low, and high off-peak speeds may be moderated, reducing
relative emissions. A third reason for time-of-day analysis arises from the need to
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adequately model shifts in time of 'travel that could result.from pricing strategies.

Addressing the time-of-day analysis requirement will not be easy, if congestion and pncmg
mﬂuences are to be considered. The range of options is as follows:

1. Continue the current practice in most urban areas of using fixed T-O-D factors by
link category which convert daily traffic volumes to peak period or off-peak volumes,
with no attempt to dampen peaks to account for higher levels of congestion or new
pricing policies. This techmque may be appropriate if forecasted increases in
congestion are not large. - ~ :

2. Use the above procedure, but vary factors to account for congestion levels and/or
pricing. Account for peak spreading due to congestion using relationships of the
distribution of hourly traffic percentages to AADT/C ratios (13). This technique

- may be appropriate if forecasted increases in congestion are large.

3. Perform time-of-day splits in earlier steps of the four-step process, as is currently
done in a few large urban areas. Using observed time-of-day splits from home
interview surveys, daily trips may be split into A.M.,P.M. and off-peak trips either:
(a) prior to trip distribution (i.e. daily trip ends are split); (b) prior to mode choice
(i.e. person trip tables are split; or (c) prior to traffic assignment (i.e. vehicle trip
tables are split.) To validate the assigned volumes, traffic counts by time-of-day are -
needed. Also, since factors used are developed from base year data, they may not
reflect changes in time of travel in the future as a result of congestion. Due to its
‘complexity and its data requirements - (both travel survey and count data by time-of-
day), this type of procedure is probably not pracncal in most small and medium 51zed
urban areas. :

4. Use the procedures discussed in item 3, but instead of using fixed splits based  on
base-year survey data, develop procedures to adjust these splits based on congestion
levels and peak vs. off-peak monetary costs. Greig Harvey’s TRIPS model (7) can
accomplish such splits by time-of-day, but it does not include an assignment

" “procedure, and must be used in conjunction with a network model for assignment.
The Montgomery County National Park and Planning Commission has also.
developed some complex procedures to model departure time choice (8).° Such-
procedures are far too difficult for small and medium sized urban areas to
implement. :

Post Processing for Speeds

The conformity rules require estimates of traffic speeds and delays to be based on estimates
of traffic volumes on network links. It appears that the common practice of averaging .
speeds by functional class will not be acceptable, probably because average speeds tend to
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be in the middle of the speed range where emission factors are lowest and not usually very
" sensitive to small differences in speed. This requirement will need to be addressed by post-
processing of link traffic volumes after assignment. There are many options to accomplish

- this.

Perhaps the simplest method to obtain peak andbff-peak link.speeds_ is to use relationships '
of daily traffic volumes over hourly capacity (AADT/C ratios) to speed -- both average daily

. speed as well as speed by hour of the day. Relationships of AADT/C ratios to average

daily speeds have been developed by Margiotta et al for FHWA (9). The study also
generated tables of hourly speeds for ADT/C ratios ranging between 4 and 16 for freeways
“and arterials, based on a T-O-D distribution of traffic that did not vary with ADT/C

(unpublished  data, from Margiotta). In a continuing phase of the study, FHWA will
develop hourly speed tables based. on T-O-D distributions that vary by time of day. This will
allow development of weighted average speeds for both peak and off-peak periods.

More sophisticated approaches use Highway Capacity Manual (HCM) procedures with
default input parameters (e.g. signal cycle lengths) by functional class. The EPA guidance
(10) and Houston Galveston Area Council’s procedures (11) are good examples. An
intermediate level of detail uses relationships of V/C ratios to highway level of service
(LOS) and LOS to speed from look-up tables (12).

Land Use |

The conformity rules require that land use forecasts be consistent with future transportation
systems. It is contended that expanded highway systems increase accessibility of
undeveloped areas on the fringes of metropolitan areas, promoting sprawl development
patterns and greater dependence on automobiles; ‘"no-build" scenarios, with their congestion
levels and reduced accessibility to fringe areas, promote more compact development
~ patterns with reduced reliance on automobiles. Such differences in development patterns,

it is believed, should be reflected in the land use inputs to the travel demand models for

alternative transportation . system scenarios.  Procedures to determine  whether any

adjustments may be needed to land use inputs have been discussed earlier under the "Land
Use" section relating to ISTEA issues. g '

FHWA TRAINING COURSES

FHWA is attempting to play a leadership role in addressing the various issues raised by
~ ISTEA and the CAAA. New training courses are being developed, and some are already
available. This section provides a description, as of the date of the Conference, of the

various courses sponsored by FHWA’s National Highway Institue (NHI) to assist urban
areas in developing their technical analysis capabilities to address issues stemming from the
ISTEA and the CAAA. : :
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_ACourse No.15259: Congestion Management for Technical Staff
Contact: Douglas Laird (202) 366-5972 -

.- This three day course provides participants with an in-depth examination of the elements
required to successfully develop, implement, and operate a congestion management system
(CMS). Subjects will include: modes and networks to monitor, the development of
performance measures, establishment of a data collection and performance monitoring plan,
identification and evaluation of CMS strategies, linking performance measures to CMS
strategies, monitoring strategy effectiveness, relationship to other management systems, and
documentation of the CMS. The course is designed for staff responsible for CMS
.- implementation and operation. : :

15265: Workshop on Transportation-Air Quality Analysis
Contact: Jerry Everett (202) 366-4079

This two-day course emphasizes state-of-the-art practices for developing travel- related data
for mobile source emissions inventories, analyzing transportation improvement programs and.
plans for conformity to state implementation plans (SIPs), forecasting and tracking vehicle
miles of travel (VMT), and evaluating transportation control measures (TCMs). Additional
topics include procedures for analyzing accessibility changes using the four-step' travel
demand forecasting (TDF) process, emission factor models, and travel demand forecasting -
and emission factor model interactions. These . procedures will be demonstrated through
manual workshops. An understanding of the travel demand forecasting process ‘would be
helpful for those taking this course.

15257 Estunatmg the Impacts ofTransportation. -Alternatives (Available Fall 1994)
Contact: Patrick DeCorla-Souza (202) 366-4076

This three day course will provide guidance on esnmatmg costs, beneﬁts and impacts for
“evaluation of highway and mass transit alternatives at the system level, as well as for
‘screening alternatives- at the corridor/subarea and project levels. Topics to be covered
include estimation of public and private costs; air- pollutant emissions and concentrations;

energy consumption; safety/security, economic development, equity and other social and
.environmental impacts; and techniques for cost-benefit and cost-effectiveness analysrs
Software for estimating impacts will be introduced through hands-on workshops. -’

15260: Advanced Travel Demand Forecasting
(Available Spring 1995)
- Contact: Patrick DeCorla-Souza (202) 366-4076

This' three-day course will emphasize advanced practices for system level modeling and

analysis of travel demand management (TDM) and transportation control ‘measures (TCMs).
- It will include state-of-the-art procedures for land use forecasting, travel demand modeling
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usirig the four-step. process, and estimation of TDM/TCM tr_avél impacts.' Procedures will
be demonstrated through hands-on computer workshops. An understanding of the travel
demand forecasting process is a prerequisite “for this course.

5263 Intermodal & Public Transportation Management Systems for Techmcal Staff ngsted<

. "Management Systems for Technical .Staff” in the NHI Catalog)
Contact. Dane Ismart (202) 366-4071

This three-day. course covers in detail the technical guidelines and requirements for the
State development, establishment, and implementation of the intermodal management
system (IMS) and the public transportation facilities and equipment management system
(PTMS). Discussion on the relationships and integration with the other management
systems, especially the congestion management system, will be included. Emphasis will be
~ on'understanding the basis for the IMS and PTMS, performance measures and data needed
to assess strategies, and methods to successfully desxgn implement, and administer the IMS

~ and PTMS.

- CONCLUSIONS

Most small and medium sized urban areas will need to enhance their technical analysis
capabilities to respond to ISTEA. - Serious and above non-attainment areas will need to
address specific modeling requirements in the conformity rules. FHWA is responding to
these needs by providing technical assistance and training through existing and new NHI
courses on Congestion Management, Impact Estimation, Advanced Transportation Systems
- Analysis, Transportation-Air Quality Analysis and Intermodal and Public Transportation

Management Systems.
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ABSTRACT

As part of a project funded by the Texas Department of Transportation (TxDOT) to
examine methods of improving transportation planning techniques, the need to decrease the -
burden on the planning staff in smaller urban areas (populations less than 200,000) was
addressed. In many cases, these smaller areas may not have the- financial or personnel
resources to determine growth using the traditional models or methods. An existing
technique (the Delphi process) was modified to establish a procedure for allocating
projected growth at the zone level. A qualitative measure of each zone’s growth potcnnal
relative to the other zones in the area was established and used to allocate the projections
of population and employment. The Delphi process can provide good results in a short time
frame, which provides the benefit of accelerating the overall planning process. The Delphi

process is based on an iterative process. A panel of local experts and involved citizens
participated in the process to reach a consensus. .

A pilot project was conducted in the Longview, Texas, area in the summer of 1992
to examine the ability of the Delph1 process to allocate future growth. The pilot project
employed a three-tiered process in allocating the area’s projected population and
employment growth (for the year 2015) to 219 traffic analysis zones. Benefits of the Delphi
process include reduced costs to the MPO in both time and money; social, political, and
legal advantages of basing the allocations on a panel consensus; and the advantages of -
- -involving members of local agencies and committees during the allocation process. Support
softwa.re and a user’s manual are currently under development for TxDOT.

DISCLAIMER

The contents of this report reflect the views of the authors who are responsible for
the opinions, findings, and conclusions presented herein. The contents do not necessarily
reflect the official views or policies of the Federal Highway Administration or the Texas
Department of Transportation. This report does not constitute a standard, specification, or

‘regulation. Additionally, this report is not intended for construction, bidding, or. permit
purposes. George B. Dresser, Ph.D., was the Principal Investigator for the project. :

IMPLEMENTATION STATEMENT

The process presented in this report is intended for use by urban areas with
populations of 200,000 persons or less. It is designed to be conducted by the MPO or city
staff and to require little or no assistance from outside agencies. Software and a user’s
guide are currently under development as a portion of Project 2-10-90-1235 funded by the
Texas Department of Transportation (TxDOT). The software will run independent of other
programs and will be designed with minimal computer hardware requirements. :
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g INTRODUCTION

The a]locanon of future growth is one of the initial and most important steps in
developmg the input data for trip generation models. The allocation of population and
employment . growth has a direct impact on travel demand modeling. These zona.l
allocations also influence future land use plans, future infrastructure improvements, and city
zoning ordinances. It i is u:nportant, therefore, that any method of allocating future growth
should reflect the area’s growth potential as accurately as possible.

" PROPOSED GROWTH ALLOCATION PROCEDURE
 Iman atteinpt to decrease the burden on the planning staff in smaller urban areas

which may not have the financial or personnel resources to allocate grdwth using traditional
models or methods, an e:ustmg technique, the Delphi process, was modified to provide a .
qualitative measure of ',an area’s potential for growth at the zome level A qualitative - |
measure of each zone’s growth potential was established relative to the other zones in tﬁe
area and ﬁsed to allocate projections. The allocation of growth is predimted on the
characteristics of zones which give them a greater or lesser potential for growth.
. Additionally, the Delphi process can provide good results in a short time frame which

‘ .prov.ides the benefit of accelerating the overall planning process. The Delphi process can
be made available to cities and metropolitaﬁ planning organizations (MPOs) by the Texas
Department of Transportaton (TxDOT) in the form of a package consisting of self-
contained software and a user’s manual.

DELPHI PROCESS AN OVERVIEW

The Delphi inquiry techniques were originally developed du.nng the mid- to late
1960’s by a team of researchers at the RAND Corporation. Their objective was to design.
a set of techniques which could solicit and collate the opinions of a group of individuals,
‘resulting in the most reliable consensus possible. The basic characteristics of these
techniques \iere anonymity of the panel members, statistical observations of the responses
given by the panel members, and controlled feedback to the panel. These characteristics
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are incorporated into an iterative process which permits and encourages the reassessment
of previous responses. One of the greé.test advantages of the Delphi techhiques is that they
provide a means of :retaini.ng the more desirable features of committee meetings while
avoiding some of the characteristic behavioral and administrative problems associated with
committees. ' |

The decision to use the Delphi process was based on these features and on the
flexibility of the process. ~The Delphi process can be tailored to fit almost any set of
circumstances. It has been used in modified forms for many different applications from Sea
Grant policy decisions in Michigan in the early 1970’s to evaluating future highway projects
in New Mexico in 1989. While the primary goal of the process is to achieve a consensus,
it can also be used to identify issues which may have conflicting viewpoints and can aid in
-reachiﬁg compromises on those issues. '



" PILOT PROJECT: LONGVIEW

In order to mbre_ thoroughly examine the a'pplicability of the Delphi process to
-allocating future growth, a pilot proje& was conducted in the Longview area. The objective
of this pilot project was to allocate the area’s projected population and employment growth
for the year 2015 to the ﬁafﬁc analysis zone level. There were three basic stages to the
_ pilot project: preparation for the Delphi process, administration of the Delphi process, and
. evaluation of the results. Figure 1 illustrates the flow of the overall Delphi process.

bimememewememomeimemomamomomem-ay

Present Results for Approval / Adoption

Figure 1. ~ Flowchart of overall Delphi process proéedure.



DELPHI PROCESS PREPARATION

Preparation for the proée;s can be broken down into four major categories: selécting
panel members, agg'fegaﬁng traffic analysis zones, preparing information packets, and
scheduling meeting times and locations. The preparation for the Delphi process was a joint
effori between the Longview city planner and transportation planner (hei'eafter referred to
as the Longview staff) and the Texas Transportation Institute (TTI).

~ Panel Selection |

, The panel Selectibn was the responsibility of the Longview staff. Recommendations -
‘regarding panel size and background were made 'to the Longview staff. A target panel size
of 30 members was established with the desired panel being a multi-disciplinary collection
of individuals familiar with the Longview area. The following disciplines were
recommended to the Longview staff as a guideline for selecting the panel 'x_nembers:

"+ Engineers
« Planners
» Elected officials
- School officials
-« MPO members
*  Real estate brokers
+ Bankers o .
. Empldy:rs (basic, retail, and service)
«  Developers (commercial and residential)

The Longview staff used several sources in creating a list of potential panelists. The
resulting list was compiled based on recommendations from the director of planning and
operation, the city planner, and the transportation planner. Members of the Strategic
Planning Economic Development Committee, Planning and Zoning Commission, and the
local Economic Development Study Committee were invited to participate on the panel.

A list of citizens who had expressed interest and willingness to serve on these and various
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other committees, but who had not been selected, was obtained from the Longview public
information director. From this list, persons with the recommended backgrounds were
contacted and invited to participate on the pamel. In addition to these sources,
representatives from the local school districts, county commissioners, two former city council
members, a water utility employee, and sevéra.l local builders and enginéers were asked to
ﬁénicipate. ‘A personal phone call was made to each of the pdtentia.l_ panelists by the
Longview staff to briefly explain the process and the expected time ifivolved and to invite
them to participate. About 40 percent of those contacted declined to serve due to
conﬂ1cnng vacations or family obligations. A letter of confirmation was sent to 28 persons
.who agreed to participate on the panel. Of the 28 persons who agreed to participate, two
did not attend the orientation meeting or any of the allocation meetings. The composmon
of the panel is shown in Table 1.

Table 1" .
Occupations of Pilot Project Panel Members

ll o Occupation - Number of Panel Members
Attorney
Banker
Building Contractor
il Chamber of Commerce Member -
" || City Official/Administrator
County Commissioner
Manager/Administrator ( Basic / Service / Retail )
Medical Center Administrator -
Political Appointee
Real Estate Broker
School Official/Administrator
if Transportation Services Administrator

|| Utllities Administrator
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. Aggregation of Traffic Ana]ysls Zones

Although the goal of the growth allocation process is to allocate pro;ected growth to
the traffic analysis zones, the number of zones in even a small urban area would be
overwhelming for a panel of this nature to deal with. The Longview MPO area (which
includes rural areas outside the Longview city limits in addition to the city of Longview) is
divided into 219 traffic analysis zones. For this reason the traffic analysis zones were
. aggregated into allocation districts with the desired number of districts being Betwecn five
and 10. The quantity and boundaries of the allocation districts were determined by the
Longview staff, taking into consideration natural geographic boundaries, traffic analysis zone
boundaries, zone population and employment characteristics, and county and city
boundaries. A total of six districts were established with the district 'boundarics -
corresponding to zone boundaries in almost all mses, the exception being zones whxch were

divided by the county line.

| - Itwas decided that an intermediate allomn’on level was required between the district
level and the zone level Fdllowing the initial rounds of the Delphi process in which the
growth was allocated to the district level, a second level was established. - The panel
members were asked to' examine each of the 219 traffic analysis zones and indicate whether
there was or was not a potential for change in that zone. Areas were established based on

~* the same considerations used in creating the district bou.nda.nes and the responses prov1ded

by the panel regardmg the potential for cha.nge Five of the six districts were divided mto,
six areas, and the remaining district was divided into five areas. This resulted in a total of
~ 35 areas which the panel.was asked to consider in the later stages of the process.



N
|
|
£)4 10ea £
1
-
LY L
40/ :
=) ' i
N
o I . a
3
- Q
MARS W
~—. . l . .
| 2
l h
I .
3, | |
\ )
. ) \
1o20 I
- D G ey
‘ Q) N\
: WY 340
Y4
’----
; re
¥ 4
b-_ ’I
-

“Figure 2.

Growth allocation districts for the Longview area MPO.

7



Figure 3. Growth allocation areas within allocation districts (Longview Area MPO).




Information Provided to Panel

In order for the panel members to be able to use the best possible judgment, it was
necessary to provide them with as much current and historical information as possible with
regard to population, employment, land use, and projected: population. The task 6f
compiling this information was. greénly facilitated by the fact that most of the information
‘was available on the Geographic Information System (GIS) maintained by Longview. This
" information was given to the panel at the beginniné of the orientation meeting.

ati t

| Historical population and employment figures were presented to the panel in several
formats. A table showing thie 1980 census population, 1990 census population, net change,
- and percentage change for each of the six districts and the total for the MPO area was
provided‘ in the information packet. A map was also provided showing the percentage
change in each of the six districts to give the panel members a graphical reference for recent.
 growth in the area. In addition 1o the 1980 and 1990 population figures, historical
populanon from 1900 to 1990 for each decade for Gregg County, Harrison County, and the
cxty of Longview was obtained from the census data in the Texas Almanac and provided in

the form of a line graph.
Basic, retail, and service employment ﬁgures for Gregg County, Ha.rnson County, and
the Longview-Marshall Metropolitan Statistical Area (MSA) were obtained from the Texas
.Employment Commlssmn (TEC) data in the Texas Almanac and presented as line graphs.
" These figures reflected 1959, 1970, 1980, 1982, 1984, 1986, 1988, and 1990 employ:hent and
illustrated the employment growth trends in the area. Maps were also provided for each “
employment mtegdry indicating the locations and concentrations of employment for 1990.

Y ati d t
Population a.nd employment information for the base year 1990 were compiled by the
Longview staff and provided to the panel in tabular form. This table contained populatioﬁ,
occupied dwelling units, median household income, undeveloped acreage, and basic, retail,
and service employment by district. The figures used in this table were consolidated from

9



the detailed traffic analysis zone information used as trip generation variables in the 1990
Longview MPO urban transportation study. '

Although the Longview staff had developed population and employment projections
- for the year 2015, the projections were not final and had not been formally adopted by the
city. Projections for populauon were developed by the Longview staff using a cohort
survival method. Employment projections were then determined using the Longwew staff
population projection and regional employment projections from the Bureau of Economic
* Analysis and Woods and Poole. Another set of population and employment projeg:tions
commissioned by'the city and prepared by the consultﬁg firm of Perryman and Associates
was also being completed as the process was beginning. The Perryman projections were
received the day before the Round 2 meeting. Several members of the panel were aware
of the Pén;vma,n projections and kept turning the discussion at the meeting to the.
differences betweeh the Longview proj,ections and the Perryman projections. In order to
keep the process moving smoothly, a solution was reached which éppeé.sed those few panel
members without compromising the integrity of the process. Since the figures for population
~'and employment for the year 2015 had ndt'been formally adopted by the city and MPO,
~ both sets of figures were i.;sed. These figures were presented to the Delphi panel as a high
estimate (developed by Perryman and Associates) and a low estimate (developed by the
Longview staff) for population and for basic, retail, and service employment. During the
, coursé of the Delphi proceés, the population projections developed by the Longvxew staff
 were shghtly revised. The allocations made prior to the revisions were updated to reflect
- the revised pro;ecuons The revised pro;ecnons and a]lomnons were carried forward from
that point. '

Base year land use, future la.rid use, and related zom'pg information were included
in the _inforinaﬁon packets in three different tables, and wall maps v)/ere'available.at each
" meeting for the panel to use as references. One table provided detailed information by
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district for base year and future land use. Two additional tables provxded zomng
requirements and zomng classification by district.

Schedule ’ : |

During a preliminary meeting with the Longview staff on May 7, 1992, the decision
was made to conduct weekly Delphi panel meetings at 7:00 p.m. on weekdays. An
orientation meeting was held on June 4. It had been estimated that six to eight meetings
‘would be necessary to complete the process which would result in the meeting schedule
continuing thrbugh Juli. The meeting day varied from week to week due to conflicting
 meetings of the city council and other committees and a limitation on available meeting

14

locations.

DELPHI PROCESS METHODOLOGY

The Delphi process as modified for use with growth allocation '.consis.ts of an
introductory meeting, four to eight meetings where panel members complete questionnaires
and exchange information, and an evaluation meeting. Figure 4 illustrates the questionnaire
and allocation methodology of the growth allocation process. Beginning with the second |
'round, feedback' is provided to the panel regarding the responses and results from the
previous round. Panel members are given the opportunity to review the information and
revise their responses if they wish.* As a consensus iS‘reached at each allocation level, the
process advances to the next allocation level. and 4t'he process is repeated.

- Although the panel members"are respon_sible for establishing a gunalitative measure
for the growth potential of the districts and areas, they do not directly determine the growth
~ allocations. The gfdwth allocations are made by the agency conducting the Delphi process
 based on calculations made using the panel responses. In the Longview pilot project, all

calculations during the questioi:na.ire portion of the Delphi process (shown inside the dashed
areain Flgure 4) were completed by TTL The procedure used for making the allocations
are discussed in a later section of this report.
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Flowchart of Delphi process methodology.

Figure 4.
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-Questionnaire Format _

During the course of the pilot ;Sroject, several different Aquestic;nnaire formats were
used. Some of the éhanges in format w&ere made in order to obtain responses on new
information as the process progresséd. Other changes were made in an attempt to simplify
the questionnaires in response to panel comments on the format of the questionnaires. In
making theses changes, great care was taken to ensure that changes were not made between
. similar rounds in the process which might bias the panel responses. These éhanges are
detailed in the following sections.

o ion Meeti
The purpose of the orientation meeting was primarily to acquaint the panel with the !

Delphi process and to dlstn’bute the packets containing the populanon, employment, and
" land use information. Therefore, few panel responses were solicited during this meeting.
~ The only information obtained from the panel during this meetmg was blogra.ph:m.l
background information.

ion 'Awtaje"ct Vi
During the first two rounds of the Delphi process, the panel was asked to consider
~ the growth potenﬁé.l of the six dlstncts Determining the population and employment
growth potential for each of the districts is the first 'Step in allocating the future growth. .
Panel members were first asked to provide a self-evaluation of their famﬂxanty with the -
Lonngw area usmg the following scale:

1) Unfamiliar

2) Slightly Familiar

3) Generally Familiar

4) Very Familiar ,
S) Expertor Acﬁvely Studying

The same scale was used throughout the questionnaire each time the panel members were
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. asked to evaluate their familiarity with the given issue.

' The first round questionnaire was divided into four sections: population growth
_‘ potential, basic empibyme_nt grdwth potential, retail employment growth potential, and
service employment growth potential. - Panel members were first asked to rate the
importance of 13 factors which might influence growth in one or all of the districts using the
fdllowing scale: | ' |

1)  Little or No Importance
2) Minor Importance

3) Considerable Importance
4) Very Greé.t Importance

The panel members were also asked to rate their familiarity with the factors. The goal of

asking the panel members to rate the factors was to gather information on their perceptions

of what influences growth and, more importantly, to put the panel members in a frame of

mind in which they would consider what factors actually affect the growth potential, rather

than giving an arbitrary or "gut" response, when rating each district’s growth potential.’

| -Each section then required the panel member to rate the potential for each type of .

~growth (Le, populanon and basic, reta.ﬂ, and service employment) for each of the six

districts using the following ratmg swle

-1) »10% or Greater Deérease
0) Stable (No Change) |
1) 10%‘ Increase

2) 25% Increase

3) 50% or Greater Increase

The panel members were also asked in each section to rate their familiarity with each type
of growth in that district and to rank the districts from 1 to 6 with a ranking of 1 being the
least likely to grow and 6 being the most likely to grow. The purpose for this ranking was
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“to ask for the same basic information regarding growth potential in a different format in
order to .provide a means of verifying that the paﬁ_el members were interpreting the
 questions correctly. | .

Following the questions relating to the potential for growth, the panel members were
asked to make a judgment regarding what level of growth activity would occur during each
of three projection time periods: 1990 to 2000, 2000 to 2010, and 2010 to 2015. The
following scale was used to evaluate the level of activity:

-1) Decrease

0) No Growth

1)  Slight Growth

2) Moderate Growth

3) Considerable Growth

The levels of growth dunng each time penod which were wlaﬂated from the responses to
this question were compared to the actual intermediate pro;ectlons developed by the
Longwew staff. - | _

'Space was also provided on every page for comments. Panel members were provxded
with space in each section of the questionnaire followmg the factors which might influence
'growth and encouraged to prov1de additional factors. These additional factors' and
comments were used to stimulate dlscussxon at the next meeting.
| - The Round 2 questionnaire format was essennally the same as the quesuonna:re used

in Round 1. Format changes consisted of the removal of the questions dealing with the
factors mﬂuencmg growt.h and the district rankings and the addition of the feedback from
the Round 1 responses. Feedback was given to each panel member in the form of panel
high and low .responses, the median and mode of the panel responses, and that panel
member’s previous responses. Space was provided to allow the panel member to revise the
previous response and to make any additional comments. |

A new section was also added asking the panel members to indicate wlnch traffic
analysis zones they felt had no significant potential for change (either positive or negative).
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Th:s information was.used in conjunction with other characteristics of the zones to establish
the area boundaries for allocating grovirth within each district.

Each panel member was also provided with an information packet containing the
quantitative allocations and growth distributions over the 25-year time period (1990 to 2015)
calculated by TTI using the panel’s qualitative responses from Round 1. '

T e a Level

After two rounds of questionnaires at the district level, a consensus was reached; and
the pa.nei was ready to proceed with the area allocations. Based on comments made by
some of the panel members at the end of the Round 1 meeting, and the fact that the time
'reqmred to complete the Round 1 questionnaire exceeded the time originally estimated, the
decision was made to change the format at this level of the process. The format of the
‘questions remained basically the same, but the presentation of the questions was changed.

A map of each district showing the area boundaries in that district was placed on'a -
. separate page along with the questions pertajning to those areas. A map of the Longview
area showing the relative location of each district was also placed on ‘eaAch.page. Th:s
fermat provided an immediate visual reference for the panel members without having to use
additional maps. The questions regarding the potential for the four types of growth in the
areas were worded the same as in previou's‘i'o’].mds,/a.nd the same rating scale was used.

| A second section of the Round 3 questionnaire presented the allocation distributions
asa percentage of total calculated from the Round 2 responSes and asked the panel
| members to either agree or msagree w1th the alloamon percentages. In cases whére panel -
members disagreed with the percentage for a district, they were asked to indicate whether
it should be lngher or lower than the value glven and to indicate another dxstnct which
should lose or receive the resulting difference.

The Round 4 questionnaire was v1rtua11y identical to the Round 3 quesnonnmre The
only significant difference was the addition of the feedback from the prior round showing
the high and low panel Tesponses, the median and mode of the panel responses, and that
panel member’s previous responses. The panel members were again allowed to compare
" their previous responses to the panel responses and to make any changes they wished. They
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- were also provided with revised district a_llocétion percentages and asked if they agreed or
disagreed. | -

During both Round 3 and Round 4, information packets were provided to the panel |
members with the questionnaires. These information packets contained the most current
revisions of the growth allocation calculations made by TTI based on the panel responses
from the prior round.

at the Zone 1
Aﬁer reviewing the results of the Round 4 questionnaire, it was apparent that the

pa.nel had reached a consensus on the allocations at the area level. The a.lloé.tion to the
trafﬁc analysis zone level was performed by the Longview staff taking into consideratioﬁ the
avaﬂable land in each area’s zones and the future land use plan for the city of Lo'ngview.‘
The adjusted results were then aggl'egated back to the area and district levels, and maps |
showing the amount of growth at the area level were prcpared for each of the four growth
mtegones and for total employment.

valuati e 1
| | The Round 5 questionnaire was designed. to 'allow the panel to evaluate the overall-
process. Panel members were provided with an information packet containing final
allocation figures and percentages iﬁAtabula.r form at both the district and zone Vlevel. A
presentation of the final allocations was also made to the panel using_the maps showing the .-
amount of growth for each of the four categories. The panel was ‘asked to evaluate and
comhient on items such as the effectiveness of the pro‘cess, the types of questionnaire
‘ 'formats used, the information packets prowded to the panel, the meeting format, the :
meeting schedule, and the final allocations.

Meeting Format

The bésic format for the Delphi process panél ﬁeetingsvwas consistent throughout
- the entire meeting schedule. In all cases the meetings were intended to be as informal as .
- possible. The meetings were structured to begin with an overview of the goals for that
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particular meeting followed by an open discussion by the panel. Information pertinent to
that round of the process was presented, the information packet for that round was
reviewed, and discussion was encouraged. The questionnaire format for that meeting was
then outlined, and the remainder of the meetiﬁg was devoted to responding to the
questionnaire. ‘ -

ori ion Meeti | |

The first meeting with the panel was the most formal of the meetings. Introductions
were made by the Longview staff as well as a presentation to the panel on the transportation
planning process and the necessity and difficulties in allocating future growth. An overview
of the Delphi process and the panel objectives were then presented by TTL. The Longview
staff distributed the information packets and explained the contents of the packets; this was
followed by an open discussion. The panel members were informed of the meeting
schedule, and the meeting ended w1th ciosing comments by the Longview staff.

Growth Allocation Ouesti ire Round | |

~ Meeting formats for the growth allocation rounds were essentially the same. An
atmosphere of informality was provided in which panel members felt free to ask questions
or offer comments at any time and also to move about the meeting room for refreshments
or to ask questions on a one-to-one basis of either the Longview or TTI staff. Each meeting
began with an expla.nauon of the information packet for that round followed by an open
- discussion. This was followed by an overview of the cu:rent questionnaire and the feedback
- provided from the prevmus round results. The panel members were then given as much~
time as they required to complete the questionnaire.

Evaluation of the Process by the Panel -

The format for the final panel meeting followed the same pattern as the
questionnaire meetings ~ presentation and open discussion followed by the completion of
the questionnaires. However, after the final allocations were presented, there was
considerably more discussion than in prior meetings. The discussion prima.ﬁly focused on
the OVeraIl process and the quality of the allocations generated by the panel '

18



PROCESSING AND EVALUATION OF RESPONSES

‘The following sections detail the steps and decisions involved in pfbcessing the
questionnaire responséé and calculating the growth allocations. Panel responses during each
of the questionnaire rounds provided a qualitative measure of relative growth potential
These qﬁalitative responses were then processed by TTI following each round to obtain
quantitative values for relative growth pofential which were in turn used to allocate the total
- growth. All calculations and data manipulations were pérformcd by TTI using a series of
spreadsheets. Spreadsheets were used to process the pilot project results due to the eése
with which format and calculation changes can be made.

Oi'ientation Meeﬁng

Due to the nature of the orientation meeting, no -calculations were necessary.
Processing the responses from this meeting consisted of compiling information provided by
the panel memb,e:s on the biographical backgromid sheets. Each panel member on the list
‘was then randomly assigned a number from 1 to 28. * This number was used on all
~ subsequent quesﬁonnaires and feedback to insure the a.nonymity'of each panelist.

_ - Allocation of Growth at District Level

' During the ﬁrst two rounds of the Delpha process, the quesnonna.u'es concenu'ated
on the allocations at the district level. Table 1 shows the allocation of projected popula_tlon :
and employment for the year 2015 calculated from the panel résponses follovﬁng each
round. Table 2 shows the same allocations as a percentage of the total. Panel responses
for Round 1 and Round 2 were in the form of a growth pOtentxa.l rating for each district.
The followmg process was the. jnitial method used to determine the pro_|ected growthy
distribution at the district level following the first round of the Delphi process.

Step1  The arithmetic mean and median were calculated from the
responses given by the panelists. These two values were averaged
to reduce the influence of any extreme responses.
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(Mean of panel responses) + (Median of panel W)
3 -

= % Growth of disrict

(f3.412j +(0) _ _

L
> 706

Step2 The populatibn for the base year for each district was increased or
decreased by the percentage obtained in Step 1.

. (Baseyearﬁwiapapndau‘an) f(l + (% Gmwdzafdi;sirict)) = Unscaled projected district population
16991 = (1 + (-0.01706)) = 16,701

Step3  The calculated populations for each of the districts were summed
to obtain an unscaled projected population. '

Y Unscaled projected district populasions = Tatal calculased populazion projection.
13,848 +7,914 + 10,416 +31,301 + 18,597 + 16,701 = 98,777
Step 4 | The calculated population and the pi'_ojected popuiation were used
to scale the populations for each district using the following
- calculation:

(Calculated disrict population) _ o o o :
" (Total calculased population) (Projected population) = Scaled district population

16,701

. 39 = 18,1
S * 10759 - 18183
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Step 5 The growth of each district was calculated using ‘the following
equation:

(Scabddrwwtpowlmon)-(mmdmapapzdanau)‘l ;
(Baseyeardmapopxdawn) 0% = % G

18,183 - 16,991
- 16,991

« 100% = 7.02%

Due to concerns from the panel that the growth in some districts should be negative,
the method was rewsed to allow the scaled values to be positive or negative based on the
responses of the pa.nel. The revised method was applied to the Round 1 responses here for
the purpose of comparison and used in Round 2 and all subsequent calculations. An
asterisk ( * ) is used to indicate changes to the initial calculation method.

Step 1 . The arithmetic mean and median were calculated from the
' responses given by the panelists. These two values were then =
“ averaged to reduce the inﬂucr;ée of any extreme responses.

(Mmofpmdrapom)+kuzdiaubfmlrapbm);%mofm

-2
Round 1: . | \
(-3412) + (0) _ -1.706
2 -
Round 2:
( -1. 8822) + (0) - -0.941
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Siep 2 The p_dpiulation for the base yéa.r for each district was then
increased or decreased by the percentage obtained in Step 1.
(Base year district population) *= ( 1 +'(§ Gmudqudw'ia)) = Umcaledmmddmampulanon
Round 1:

16991 * (1 + (-0.01706)) = 16,701

Round 2: N . .
16,991 = (1 + (-0.00941)) = 16,831

Stepl 3  The 'wl_culated populations for each of the districts were summed
to obtain an unscaled projected population.

Y Unscaled projected district populations = Tadmmdmmnmjm

Round 1:
. 13,848 +7,914 +10,416 +31,301 + 18,597 + 16,701 = 98,777

. Round 2: |
13,716+7,949 + 10,362 +31,291 + 19,074 + 16,831 = 99,223

* Stép 4  The net change was m.lcﬁla;ed between the calculated population
'projection and the base year population for each of the districts
and the total. - ‘ -



District 6:

Round 1:
' 16,701 - 16991 = -290

" Round 2:
16,831 - 16991 = -160
Total: "

. Round 1: , A

98,777 - 89,610 = 9,167

Round 2:

99,223 - 89,610 = 9,613

Step 5 The net change was calculated between the total projected
population and the base year total population.

107,539 - 89,610 = 17,929

Step 6  The net change to reach the calculated population and the net
| change to reach the projected population were then used to scale,
the populations for each district using the following calculation:

(Net change of district pop.) ' ected bop) = s
Vet change of calculased popy) (Net change pfprqefud pop.) = Scaled change of district pop.

Round 1:

-290
9,167

* 17929 = -567
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‘Round 2:

-160

5,613 * 17929 = -298

Step 7  The total projected population in each district was calculated by
~-adding the scaled change in district popu.lanon to the base year
dlstnct populatlon. '

Bm.yea'populm’oh * Wchmge of district population = Projecnddr.wxapopndauaz
Round 1

16,991 + (-567) = 16,424

Round 2:
16,991 + (-298) = 16,693

- Step 8  The percent growth of each dxstnct was then calculated usmg the
| following equation:

(Scaleddmamlauon)-(myeardmamlmon) G ﬁ
(Base)ea'drsmapomlanon) : »thO% =%

Round 1

16,424-16,991 i
« 100% = -3.
o+ 100% = -3.34%

Round 2:

' 16,693 - 16,91 -
| : 6991 . 100% = -175%
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Following Round 2, the means of the- penel responses ﬁ'om the two rounds were'
compared usmg az stansuml test to determme if the means were statistically different. The
means of the panel responses from the two quesuonnmres were stausncally the same for a
confidence level of 99 percent. This statistical result .along with the fact that the panel
members would still be allowed to make adjusiments to their responses for the district
gl'owth potential prompted the decision to advance the process to the next level.

As a part of the Round 3 and Round 4 questionnajres dealing with growth allocation
at the area level, panel members could also agree””or disagree with the allocations at the |
district level derived fro:h Rounds 1 and 2. Where a panel 'member disagreed with a district
~ allocation, they were asked to indicate whether that district should have a larger or smaller
allocation and which other district should be adjusted in the opposite direction. That panel
member’s previous round responses for the affected districts were adjusted by one rating
level in the appropriate direction, the district allocations were remlculated, and the new
allocations were carried forward. As the figures presented in Table 2 indicate, some
changes were made to most of the district allocations in all categories during Round 3.
Following Round 3, the panel agreed with the allomﬁon of basic employment and retail
employment, and no further adjustments were made to those district allocations.- However,
there were still some minor changes made to the population and service employment district
allocations. Although adjustments were made during Rdunds 3 and 4, these adjustments
were relatively minor as indicated by the sma]l cha.ngeé in percent of total from one rbund _
to the next. The largest change in percent of total was. only 23 percent, and all of the -
. rema.mmg cha.nges were less than 1.5 percent. |



o : Table 2 - .
Comparison of District Allocations Following Each Round of Delphi

POPULATION . ‘
| _ Estimated 2015 Allocation ‘ :
District | 1990 Round 1 Round 2 Round 3 Round 4 Adjusted

1 14299 15,076 14,960 17426 17,480 "18670 |
2 7,018 " 8,616 8,755 8,759 9,531 9,642

3 10,177 11,340 10,52 - 10,523 10,529 . | - 10,529

4 25,734 34,07 34,349 31,861 31,966 31388

5 15,391 20247 2260 2275 2,621 21897
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Table 3

Companson of District Allocations Following Each Round of Delphi
As Percentage of Total

BASIC EMPLOYMENT
. _Estimated 2015 Allocation (% of total) ﬂ

District 1990 Round 1 Round 2 Round3 | Round 4 Adjusted ||

1 95 95 93 9.0 9.0 9.0

2 104 108 11.7 10.7 107 10.7

3 S16 529 531 549 549 549

; )

s

-RETAIL EMPLOYMENT
- Estimated 2015 Allocation (% of total)
District 1990 Round 1 Round 2 Round 3 Rmmd 4 Adjusted
39 40 49 49 49

(% of o)

~ Round 4




Allocatmn of Growth at Area Level ,

Rounds 3 and 4 of the questionnaire process concentrated on the allomnon of growth
at the area level. The procedures used in processing the responses for the district
'alloa.tions from Rounds 1 and 2 were used in processing the responses for area allocation.
Calculations were made by TTI usii:g the revised method of converting the responses to an
actual allocation, and the means were tested statistically foIlowing Round 4 to determine
if there had been a significant change between Round 3 and Round 4. When nb apparent
statistical differences were found between Round 3 and Round 4 responses, the process
advanced to the next phase, the allocation of the area growth to the traffic analysis zone

level

Allocation of Growth at Zone Level

It was felt that the large number of zones in the urban area would be too tedious and
overwhelming for the panel to deal with in the context of a meeting atmosphere. Also, it
was reasonable to assume that the panel members would not be as familiar with specific

zones at that level of detail as with areas and districts on a more geueral scale. Therefore, -

~ allocation of the growth from the area level to the traffic analysis zone level was perfprmed
" by the Longview staff. Allocations at the area level were distributed to the zones in that
area within the constraints of available land, future land use plan, and expected densities.
The panel allocations were first considered at the area level. If the growth allocated to that
area éould be absorbed by the zones .in that area, no reductions were made to that area.
If the‘growth allocated to that area could not be absorbed by the ibnes, surrounding areas
 were considered to determine if the excess growth could be shifted to those areas. In the
- event that the growth allocated to the a.réas in a given district could not be absorbed by the
areas in that district, the adjacent areas in the adjacent districts were considered as possible
targets for the excess. } A
As shown in Tables 4 and 5, some minor adjustments were necessary in allocating
the growth to the zone level. Excess growth allocated to District 4 and District 5 was shifted
to District 1 and District 2. Table 4 shows the comparison. of the panel allocations and the
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ad_msted alloauons at the district level. The percenta.ge of adjustment ranged from a
decrease in District 5 of 3.2 percent 10 an increase in District 1 of 6.8 percent. The
- difference in percentage of the total projected population ranged from a reduction in
District 5 of 0.7 percent to an increase in District 1 of 1.1 percent. The conclusion can be
made that the change in percentage of total at the area level and the district level is a more
relevant measure of the impact of the adjustments made to the panel allocations than the
actual percent of raw adjustment. This is illustrated by the results provided in Table 5. As
indicated by the figures in Table S, the percentage of adjustment between the panel
allocation and the adjusted allocation ranged from a reduction in Area 2 in District 5 of 10.4
‘ ‘percent and an increase in Area 5 in District 1 of 193 percent. However, when the change
in percentage of total district population is analyzed, the percentage change ranged from a
reduction of 2.6 percent in Area 4 of District 4 to an increase of 2.0 percent in Area 1 of
District 4. The areas exhibmng the largest positive and negative percentage of adjustment
(District 1/Area 5 and District 5/Area 2) resulted in a cha.nge in the percentage of total -
population in those areas of only 1.3 percent and -0.9 percent, respecnvely The largest
positive and neganve effect on the allocations in terms of the change in the percentage of
the district total occurred in District 4. This relationship becomes even more apparent when -
. reviewed at the district level Using District 1 as an example, the adjustment in population
allocation results in an increase of 1,190 persons, which is 6. 8 percent of the panel allocation
of 17,480. However, this is only 1.1 percent of the entire pro;ected population of 107,539
persons for the year 2015. This is a relanvely m&gmﬁmt change in the overall growth
allomnon. , .
The compa.nson between the panel allocations and the adjusted allocations for basic
- and retail employment as given in:Tables 4, 6, and 7, prov1de additional support for usmg
of this technique in the growth allocation process. In distributing the basic and reta.ﬂ '
employment growth, the panel allocations were completely compatible with the constraints
imposed at the d.istrict level; no adjustments to the district allocations were needed. At the
area level, some minor shifts were required within the areas in District 5 for retail
employmenn These adjustments were not a direct result of excess a]loeation to these areas
~ but were instead due to the fact that new retail development had 'alreal.dy. begun in Area 2
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~ and Area 3, and the panel a.llomﬁions were not sufﬁdenﬂy large enough to reflect this growth.
A similar situation occurred when distributing the area allocations to the zone level
- for service employmént. Due to the concentration of service oriented businesses in District
6 consisting mainly of hospital and medical practices as well as banking and government
offices, the growth allocated to this area was increased‘ slightly from the growth allocated
by the panel. The adjustment was made by reducing the service employment in District 5
by 300 jobs and allocating those 300 jobs to Area 2 in District 6. This reallocation of 300
‘ vjobs amounted to only 1.5 percent of the total service employment projection of 19,480 for
the year 2015 m the Longview MPO area. Some minor redistribution was also made a.rﬁong
the areas in District 5 and District 4. The results for the service employment allocation are
given in Tables 4 and 8. ‘

Evaluation of the Process by the Panel

Following the allocation to the zone level, the Delphi process proceeded to the final |
. phase. Although not necessary to the allocation of future growth, the evaluation
questionnaire was considered to be an important phase in the pilot project because it
- allowed the panel members to provide information which may be used to refine and

'improve the process.
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Table 4
Comparison of District Allocations Before and After Adjustments
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: Table 5 4 _
Comparison of Population Area Allocation Before and After Adjustments

6 1 2124 2,169 2169 0o | 00 125 14, 41
, 2 4» 419 409 -10 24 26 27 o
3 185 174 174 o 0.0 11 11 '
4 | 1019 | 878 | 86 8 01 600 567 g
s 2340 2289 | 22% 7 03 138 . 149
6 | 1m 164 | 1619 5 03 10.0 105 | :
[Torl] 16991 | 15413 | 15413 0 0.0 100.0 1000
i District T 107539 107539 0 5
PRI e



| IR Table 6 : | -
Comparison of Basic Employment Area Allocations Before and After Adjustments -

- 1990 Panel | Adjusted % 1990 Panel ' | Adjusted | Diff.in
District | Area | Basic Emp. | Allocation | Aliocation | Adjustment | Adjustment | % of Total | % of Total | % of Total | % of Total
1 1 1,156 1294 1,294 0 0.0 630 .1 .1 0.0
' 2 183 w | 0 0.0 99 91 9.1 0.0
3 3 67 67 0. 0.0 36 34 EV 0.0
4 20 28 28 0 00 120 114 14 0.0
s % ) 93 0 00 49 47 47 0.0
6 122 125 125 0 0.0 65 63 63 0.0
B 1,989 1,989 0 00 100.0 100.0 100.0 00 ﬂl
: — — 1]
p) 1 157 "1 148 0 0.0 69 63 63 00
2 % 126 126 0 00 48 53 53 0.0
3 138 149 | 149 0 0.0 70 63 63 0.0
4 1,21 1421 1421 0 0.0 61 603 603 00
s 28 304 304 0 0.0 115 129 129 0.0
6 152 209 209 0 0.0 73 89 89 0.0
Toml | 1982 2,357 2357 0 0.0 1000 100.0 100.0 0.0
3 1 2,308 2417 2417 0 00 214 20.0 200 0.0
2 | 1247 1447 1,447 0 00 - 115 120 . 120 0.0
3 | 226 2,326 232 0 0.0 209 192 192 0.0
4. $63 648 648 0 0.0 s2 s4 S4 0.0
] 67 7% 7% 0 0.0 06 06 06 0.0
6 4,364 5,180 5,180 0 0.0 404 4238 428 0.0
Toal | 10813 12,054 12,094 0 0.0 100.0 100.0 100.0 0.0 .
ry 1 125 137 137 0 0.0 128 |. 130 130 0.0
2 252 27 %7 0 0.0 258 272 | 22 0.0
3 .39 352 sz 0 00 336 B3 333 0.0
4 23 281 251 0 0.0 248 238 B8 00
5 2 . 2 2 0 0.0 30 | 27 27 0.0
[Toal| 978 1,056 1,056 0 0.0 100.0 100.0 100.0 0.0
B 1 7 86 % 0 0.0 73 83 83 0.0
: 2 47 s6 6 0 0.0 S0 54 54 0.0
.3 18 3 <} 0 .00 19 22 22 0.0
4 308 340 340 - 0- 0.0 27 29 329 0.0
s 7 350 350 0 0.0 43 .39 139 0.0
6 174 Y, 1 0 0.0 . 188 173 113 00 - {
[ Towal | 942 1,034 1,034 0 0.0 100.0 1000 . 1000 0.0
6 1 262 T 262 - 262 0 0.0 75 95 75 00
2 1,549 1,549 1,549 0 00 “2 4“2 442 0.0
3 a2 T &2 0 00 137 137 137 0.0
4 e ™ ™ 0 0.0 211 21 211 0.0
5 334 284 384 0 00 110 110 110 0.0
6 - ) 89 89 0 0.0 25 25 25 o0 #
[Toml| 3505 3505 350 0 —0.0 100.0 1000 1000 00 1l
Distmict Toal 20, 2,035 22035 0 o )
Senallest Value . 0.0% 0.6% 0.6% 0.6% 0.0%
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Table 7
Comparison of Retail Employment Area Allomuons Before and After Adjustments

1990 Panel | Adjusted % 1990 - Pane! | Adjusted | Diff. in
District | Area | Retail Emp. | Allocation | Aliocation | Adjustment | Adjustment | % of Total | % of Total | % of Towal | % of Total
1 1 51 52 52 0 0.0 82 20 20 0.0
2 119 120 120 0 00 192 183 183 0.0
3 13 125 | 125 0 00 198 191 191 0.0
4 210 236 236 0 0.0 38 36.1 361 0.0
[; 6 58 s8 0 0.0 9.0 89 89 0.0
6 62 63 - 63 0 0.0 100 9.6 96 0.0
[Total 621 €54 654 0 0.0 100.0 100.0 100.0 0.0
2 1 1 2 31 | 31 ] 0.0 69 €9 69 00
| 2 53 & 63 0 0.0 127 141 14.1 0.0
3 7s 89 89 0 0.0 180 199 199 00
4 153 157 | 187 0 0.0 36.7 5.1 3.1 0.0
s 49 49 o 0 0.0 18 11.0 110 0.0
6 s8 E3 8 0 0.0 139 130 130 00
Toal| 417 47 @7 0 0.0 100.0 100.0 1000 0.0
3 1 296 300 300 — 0 0.0 %42 2.1 A1 0.0
2 153 363 363 0 0.0 28 292 22 0.0
3 238 %2 242 0 0.0 195 195 195 a0
4 12 13 123 .0 0.0 100 .99 99 Y
s | 25 2 25 0 0.0 20 20 20 00
6 190 190 190 0 0.0 155 153 153 0.0
' Towl| 1,224 1,243 1243 0 0.0 100.0 100.0 100.0 0.0 H
4 1 612 655 5 0 0.0 164 162 162 0.0
2 1,014 1,182 1182 0 0.0 27.1 275 2718 0.0
3 | 1654 1,951 1951 0 0.0 4“3 454 454 0.0
4 4 | 4 23 0 0.0 1.1 99 99 0.0
[ 2 42 42 0 0.0 11 10 10 0.0
[Toal| 3, 4293 | 4293 0 0.0 1000 1000 100.0 0:0
s 1 9% 101 101 ) 27 24 24 0.0
2 21 3 406 375 06 07 96
3 21 z $6 3 06 0s 13 08
4 a7 S14 Su 0 1.7 122 122 0.0
s 881 9GS 899 % 24.7 218 213 €2
6 2123 2,648 2246 402 . : 97 | 627 532 RS
[Toml| 3558 | 422 | 422 0 0.0 100.0 1000 1000 00
6 1 330 B | B ) 0.0 136 136 136 0o .
2 99 ° | 95 956 0 0.0 386 3.0 0 0.0
3 156 159 159 0 00 64 6s 6S 0.0
4 643 635 635 0 0.0 264 259 29 00
| s 9 9 9 | o 0.0 37 37 37 00 ?
6 274 216 | 2% 0 0.0. 113 13 | us 0.0 :
[Toal] 2438 | 242 | 24% 0 09 1000 1000 100.0 0|
i District Toal . 11,991 13311 13311 0 :’
| Smallest Vaiue -152% 06% - 05% 1.0% 95%
S0



o Table 8 | .
Comparison of Service Employment Area Allocations Before and After Adjustments

2015
Panel 1 Adjusted v Adjusted
District| Area | Service Emp. | Allocation | Allocation | Adjustment | Adjustmeat| % of Total %o_f(’l'onl % of Total
1 1 13 1z 12 0 0.0 X 74 74 00
2 43 367 367 0 0.0 183 21 21 - 00
3 m 28 | 128 0 00 84 7.7 77 0.0
4 17 21 21 0 0.0 88 133 133 00
s M 740 740 0 0.0 506 “us 456 00
6 ” 81 81 0 0.0 54 49 49, 0.0
"Towl 1327 | L&Y 1,659 0 0.0 100.0 100.0 100.0 0.0
2 1 1) ) FU 0 00 61 5.0 S0 0.0
2 - 37 “ “ 0 0.0 119 16 |. 116 09
3 30 60 60 0 00 96 159 159 0.0
4 198 28 28 0 0.0 637 603 603 . 00
5 13 B 13 0 0.0 42 35 35 0.0
| 6 14 14 14 .0 00 45 37 37 o0 1|
Total 311 37 37 0 0.0 100.0 100.0 100.0 001
||
3 1 %2 . 381 381 0 0.0 251 252 52 0.0
2 " 3ss 3 3% 0 00 2456 2.7 2.7 0.0
3 364 383 3|3 0 0.0 252 253 53 00
4 186 - 188 188 0 0.0 129 124 R4 00
s 19 19 19 -0 0.0 13 13 13 00 .
| 6 157 167 167 0 0.0 109 111 L1 0.0
Toual 1443 1512 1512 0 0.0 100.0 100.0 100.0 00
r} 1 249 368 |. 368 ] 0.0 88 9.0 9.0 0.0
: 2 ™5 1,300 1,195 105 41 280 318 23 26
3 107 1,654 1,704 S0 30 77 45 417 12
4 660 . 701 756 s5 - 78 233 172 185 13
s 63 & 63 0 0.0 22 15 15 00
Total 2538 4, 4086 .| O 0.0 100.0 100.0 100.0 0.0
S 1 197 30 527 2 5.7 "6.0 110
2 . 130 252 21 - 3s 49 438
3 % % 19 160 11 07 41
4 1341 - 2212 | 1Ln6 496 20 434 ass
s 1195 1,346 1,359 13 10 4.7 264 233
6 541 544 766 178 -189 157 18.6 16.0 26
 Total 3440 - | 509 4,795 | -300 59 100.0 100.0 100.0 00 |l
- |
1 85 813 313 0 0.0 124 120 115 05
2 3,298 3,555 33885 300 - 84 508 527 547 20
3 124 126 126 0 0.0 19 19 18 01
4 1,720 1,70 | 1,710 () 00 25 253 %3 11
[; . m m ()} 0.0 s8 56 53 02
6 168 169 169 0 0.0 26 25 24 01
[Toal | 6493 6,750 7,050 300 44 1000 1000 1000 0o |
District Total 15852 19480 19,480 0
Smallest Value ' 24% 1.0% 0.7% 13% 6%




PARTICIPATION RATE ,

Although the participation rate varied from round to round, the overall participation
" rate was slightly less than the 50 percent originally anticipated. Of the 28 persons who
agreed to participate in the procéss, 12 persons (43 percent) responded to 4 to 5 of the
questionnaires, 6 persons (21 percent) responded td 2 to 3 of the questionnaires, and 10
persons (36 percent) responded to O0to 1 of the queStionnaires; These percentages suggest
‘that in order to have responses from 25 to 30 persons ddring each round, the target size for
the panel should be 60 to 70 persons. Based on comments provided by the panel members
who returned the evaluation questionnaire, it is possible that some of the eight panel
" members who did not participate after the first two rounds may have been bewildered by
“the amount of information ‘provided to them and by the length of the first two ‘meetings.
Revisions made to the format of the questionnaires during the later rounds of the process
srgm:ﬁcanﬂy reduced the duration of the nieeting. This would ]ikel_y‘rcsulr in a higher
overall participation rate' in future applications of the Delphi process. If the assumption is ;
~made that 50 percent (four) of these persons wduld have participated .in a total of 4 to §
rounds of the process, the pamapanon rate increases to 57 percent. Thrs would lower the
target size of the initial panel to 45 to 50 persons in order to receive an average of 25 to 30
. responses in each round of the process. This is a more pracnm.l size for the panel both
from the standpoint of seating a panel of qualified individuals and of administering the

process.

'RESPONSE OF LOCAL GOVERNMENT AND COMMITTEES ‘
- Following the final meeting of the Delphi panel, the results of the growth allocation

process were presented to the MPO Technical Committee, the Planning and Zoning
Commission, and the MPO Steering Committee. The responses of these groups were
important in eva.luatmg the usefulness of the process as a tool for developing . allocations
whiéh will be accepted by the political bodies involved in the planning process. Reaction
to the allocations may also be viewed as an indication of their level of confidence in the
growth allocations.
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MPO Techmcal Committee

The first group to receive a presentauon of the growth aJlomnons was the MPO
Technical Committee. This committee is eomposed of persons whose jobs are related to
the pla.nm'ng and implementation of transportation projects and whose expertise lies in
transportation and planning. Although they have no formal policy making power, they are
responsible for makmg recommendations to the MPO Steering Commmee which does
determine policy. One of the members of this committee served as a panel member during
- the growth allocation process. A presentation of the results was made to the committee by
the Longview staff. During the meeting the committee members were very positive toWd
the process and the results. At one point following the presentation, one of the committee
members who is a Longview c':ity official made the suggestion that the allocations be adopted
for use in other city and utility planning processes, in addition to the transportation planning
process.

-Planning and Zoning Comnussnon : ~
A second presentation was made to the Longview Planning and Zoning Commission.
Although the commission would not be making any formal adoption of the allocations, it
was important for this group to accept the allocations since the growth allocations, land use
plan, and zoning map are all related. Two members of the commxssmn participated in the
Delphi process and were very positive in their rTesponses to other commission members.
This gives support to one of the goals of the process: by involving members of various
'bodies involved in the planning process in the allocation of future growth, there* will be -
support for the allocations later i in the approval stages of the planning process. The overall
response to the process and the resulting allocations was once again very posmve

* MPO Steering Committee

'The final presentation of the growth allocations was made to the MPO Steering
Committee. This group is responsible for setting policies related to transportation in the
MPO area and is composed of elected officials from the mimicipa.liﬁes included in the MPO
and Longview city officials from upper level management positions, such as the city
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manager," city planner, and director of public works. One member from this committee
served on the Delphi panel. As in the previous preséntations, considerable interest in the
- process and a strong positive reaction from the committee was expressed. Following the
presentation by the Longview staff, the committee voted unanimously to adopt the

allocations.
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- ADVANTAGES OF THE DELPHI PROCESS -

There are several benefits inherent in the de51gn of the Delphi process. The most
" important benefits relate to costs to the MPO in both time and money; the social, political,
and legal advantages of basing the allocations on a panel consensus; and the polmml
advantages ‘of, involving members of local agencies and committees du}ing the allocation
process. ' '

TIME AND COST SAVINGS AND ACCELERATION OF PLANNING PROCESS

Since the Delphi process is not a computer model, it does not display any of the
problems inherent in the models or modeling process. Of the benefits provided by the
Delphi process, pcrhaps\ the most apparent are the time and financial savings due to its
speed and simplicity. When using computer models for growth allocation, the model must
be calibrated for use in the specific study area. This calibration process normally requires |
the services of a consultant for many months to prepare the modei for use, followed by the
actual modeling for the area, resuiting in considerable expense for the local- MPO. In
contrast, the Delphi process can be conducted by the local staff in a period of two to three
months or less, thereby eliminating the expense and nme associated with the computer
modeling process. Also, the fact that the goal of the Delphl process is to achieve a
consensus means that the Delphi process could be oonsldered to be a sclf—mlibranng :
process. The time savings provided by the Delph1 process over a computer model will vary
from area to area but will probably save six months to a year or more. In areas where it
is desu'able to complete the pla.nmng process within the period of a polmcal term, the six
months saved using the Delphi process could mean the difference between approval or
| rejection of the plan.

‘The previous growth allocations used by the MPO were generated by the Longv1ew
staff over a penod of three months. Although thxs is only one month longer than the time
‘required for the Delph1 process, it still required considerably more staff hours than the
Delphi process. Most of the time spent during the Delphi process is not due to the actual
time reqmred to conduct t.he meetmgs and process the responses; it is due to the decision
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“to allow one week betweeh meetings and due to scheduling prbbletns whieh prevent the
meetings from being held more frequently. Conceivably, meetings could be scheduled twice
per week, and the process could be completed in 'approximately half the time. However,
it is likely that it would be difficult to find persons who would be able or willing to devote
their time twice each week to participate on the panel

- PANEL CONSENSUS REGARDING ALLOCATIONS.

- Another advantage of the Delphi process is the reliance on a group consensus to

obtain a qualitative measure of the relative growth potential of different areas of the MPO
area and to estimate the future growth allocations. While the strength of computer models
is their ability to process a large volume of input data and eventually obtain growth
allomtions; one of the most attractive features of the Delphi process cannot be incorporated
into a computer model — the human factor. The experience, perception, intuition, and
- judgment of people familiar with more subjective issues in the area such as h'festyles, policy
_xssues, and other factors too numerous to list or even adequately 1dent1fy, is a benefit which
should not be overlooked. The interaction between the panel members and the exchange
of ideas allows the panel to reach a much more informed consensus than would be possfble
. for one or two individuals. This results in panel mput which is more responsive to local
.. social and pohtml issues. ‘
-On the legal side of the equauon, 1t is generally much easier to support figures wlnch
 are the result of citizen input rather than the decisions of two or three members of a loeel
staff if the figures are ever challenged. Itisa generally accepted legal tactic that one of the
best ways to discredit a project or policy decision is to discredit the numbers on which that
project or decision is based. Where community involvement can be shown in establishing
the numbers on which policies are based, a stronger foundation is created for projects and
decisions resulting from those policies.

INVOLVEMENT OF LOCAL AGENCIES AND COMMITTEES
Perhaps one of the strongest adva.ntages of the Delphi process is the opportumty to
involve members of local agencies and committees which must at some point adopt or
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upprove the allocations ot' jpla.n. By inviting these committees and agencies to appoint a
 committee member to participate as 4 member of the Delphi panel during the allocation
process, a bond is created with that agency or committee. Later in the planning process,
‘when the growth a.llowuon or plan is before that body for approval, the participating
member will most likely be an advocate of the allocation or the plan since that individual
was directly involved in determining the allocations. In fact, the panel member will probably
. have kept the agency or committee informed of the progress and results throug,hout the
alloé_ation process, and obtéjning the approval may be nothing more than a fomté.lity.

" This was indeed the situation in the Longview pilot ptoject. The MPO Technical
Committee appointed one member from the coxumittee to participate on the Delphi panel,
the Plauni.ng and Zoning Commission appointed two members, and the MPO Steering -
Committee appointed ‘one member to the panel. During the presentation of the final
allocations by the Longview staff to these groups, the members who had participated in the
Delphi interjected numerous positive remarks, and the responses from the groups were very
positive. The MPO Steering Committee voted unanimously to adopt the growth allocations
obtained during the Delphi process.

In addition to the previously mentioned appointees from local bodies and ‘members
of the commuhity who were invited to participate on the paneL several other local
- committees appomted members to the panel. The Strategxc Plamung Economic :

Development Com:mttee (formed by the city of Longview to.study transportation issues
’ related to economic development) appointed four members of their committee to participate :'
“in the Delphi process. . Another city sponsored commmee the Southside Econonucv
Development Study Steenng Committee, appointed one representative to the Delph; panel
who did not participate after the Round 1 meeting. The director of the Chamber of
Commerce, who was also formerly the director of planning for Longview, pa.ructpated in all
of the Delphi meetings. Two other members of the Delphi panel, although not currently
serving on any committees, had formerly served on ‘the city council and as members of the
Planning and Zoning Commission.
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EVALUATION BY THE PANEL

Results.of the panel evaluation indicated an overwhelmingly positive response to the
' process. Of the 14 panel members who ‘completed the Round 5 questionnaire, seven had
participated in every meeting, five had participated in all but one meeting, and the two
remaining panel members had participated in fewer than three of the previous meetings.
‘The 12 panel members who participated in all or most of the meetings felt that the process
had been effective in obtaining and conveying their opinions to the city staff and that their
- participation as citizens on the Delph1 panel had been an effective means of communicating
information to the city staff. The responses from the two remaining panel members were
split on these issues; one gave a positive response ageemg with the rest of the pa.nel, and
the other gave a negative response indicating that the process and the invoivement of
citizens was not effective. The response regarding»the meeting format was also very positive
with all but one of the 14 panel members mdwaung that they thought the meetings were
producuve and effective. In evaluating the questionnaire formats, the majority of the panel
- members felt that the format used in the third and fourth rounds was the better of the two
- formats. Of all the questions asked in the evaluation, perhaps ‘the most important was

" ~ whether or Dot the panel members felt that the allocations calculated using the panel

responses were an accurate reflection of the panel’s opinions. In answer to this question,
~ the overall response of the panel was that t.hey agreed that the allocations were an accurate

. reflection of the panel’s opinions. Of the eight pa.nel ‘members who completed the
' evaluanon questionnaire, none d.lsagreed wn.h the allocations. '
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RECOMMENDATIONS

. Several 1mporta.nt modifications resulted from the pilot project. The most substantial

- change in the process was implemented during the pilot project. Panel members felt that

the Round 1 questionnaire was too lengthy. As a result, the questionnaires for Round 3 and
Round 4 were streamlined considerably. A recommendation for future epplicztions of the
Delphi process is that the format of the questionnaires should be kept as simple as possible.

A second recommended change is to administer a brief questionnaire during the

" orientation meeting asking the panel members to consider the factors affecting the different

types of growth. In addmon to reducmg the length of the Round 1 questionnaire, this would

_ serve to prime the pa.nel and stimulate the panel to begin thinking about future growth in
. the area prior to the first round. The open d.lSCU.SSlOD at the beginning of the ﬁrst round
. would likely be more productive as a result.

The third recommendation resulnng from the pilot brojec't is to use a target panel
size of 45 to 50 members. Thxs, combined with the changes to shorten the questionnaire
format, should result in a better parncxpanon tate and, therefore, a larger and more
consistent sample size from round to round.

45



SUMMARY

As with any computer model used to allocate future growth, the only true test of the
allocations generated‘ by the Delphi process are the actual growth patterns over time.
However, due to the time and financial savings associated with the Delphi process and the
speed with which results can be obtained, the Delphi process can be utilized as frequently
as needed to update and maintain future growth allbcztions.
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A'LEAST TOTAL COST APPROACHTO COMPARE IVHS, LAND USE,
MANAGEMENT AND MULTI-MODAL INFRASTRUCTURE ALTERNATIVES

~ Patrick DeCorla-Souza, AICP
Federal Highway Administration

WHY A LEAST TOTAL COST APPROACH?

The new environment for transportation planning in the 1990s presénts a challenge to
planners and decision makers in evaluating multimodal alternatives. The Intermodal
Surfacé Transportation Efficiency Act (ISTEA) of 1991 provides new intermodal funding
flexibility. Also, ISTEA requires consideration of efficiency, social, economic and
_environmental factors in the evaluation process. The Act’s emphasis on "management” calls
for development of procedures that allow comparisons across a variety of alternatives
including new services, land use and demand management as well as high capital
investment-type solutions. Additionally, the Clean Air Act Amendments (CAAA) of 1990
emphasize vehicular demand management. as an important strategy to reduce air pollutant
emissions. Future evaluation procedures will thus need to: (a) give adequate consideration
to economic efficiency and social and environmental. impacts; and (b) be capable of allowing
" comparisons across modes as well as across a variety of high capital and low capital or
- management strategies. ’ : :

In the past, Metropolitan Planning Organizations (MPOs) have usually compared
transportation projects using measures of effectiveness which are uniquely applicable to'a
specific mode. For example, measures of highway project effectiveness commonly used are
. ‘improvement in highway level of service (LOS) or highway speed, reduction of highway
accidents or savings in highway user costs. Transit project effectiveness, on the other hand,
is usually measured by transit ridership or public capital and operating costs per new rider.
" It is likely that Intelligent Vehicle Highway System (IVHS) projects” will also use different
measures of effectiveness, depending on their modal orientation. If IVHS projects or
programs ‘benefitting different modes (e.g. highway solo-driver, highway shared ride or
transit) are to be compared with one another or with other types of investment or
management strategies, cCoOmmon measures of effectiveness will have to be used i.e. measures
applicable across modes, and across supply-enhancing and .demand-reducing strategies.

The least total cost approach uses a common measure (i.e. total cost) which is applicable
across all types of alternatives. It attempts to account for the full costs of each alternative.
The main advantages of this approach are: (1) It allows comparisons of transportation
investments- across modes; (2) It allows comparisons -of major investment alternatives (e.g.
new highway or transit capacity) with management alternatives such as new or improved
services (e.g. using IVHS technology), pricing strategies, land use strategies and other
strategies which moderate travel demand. o ‘



The least total cost approach facilitates accounting for costs of competing highway-oriented
-and transit-oriented IVHS projects in .a.c'omparable manner. - For example, in current
practice, when computing costs for transit alternatives, analysts include vehicle capital and
operating costs and costs for garaging the vehicle. On the other hand, analysts computing
‘ the costs for highway travel may include ‘the variable portion of vehicle operating costs such
as costs for gas.and oil, maintenance and tires, but exclude the fixed costs such as vehicle
ownership costs and parking or garaging costs at each end of the trip. (Note that, in the
long range, vehicle fixed costs and parking fixed costs are avoidable costs i.e.they are not
sunk costs to be ignored). For valid comparisons across modes, the full avoidable future
costs of each alternative will have to be taken into account, not just costs incurred by
transportation agencies for capital investment and operation. Public costs incurred by non-
transportation public agencies (e.g. police, fire, court systems, etc.), fixed private costs (e.g.
auto ownership costs), and external social and environmental costs cannot be ignored. From
a societal point of view, it is irrelevant whether costs are borne privately, publicly or socially.

In a least total cost approach, user benefits other than satisfaction of the basic need for
access, for example comfort and convenience advantages of a particular modal alternative,
need not be excluded. User benefits or "amenities” can be included in the cost totals as
negative costs if they are quantifiable and can be converted to monetary terms. Some user
benefits and disbenefits, as well as some external costs and benefits, cannot easily be
converted to monetary terms. They may be listed with some measure of their magnitudes
for use in trade-off analysis. For example, a break even analysis could be done to determine
how much additional benefits from a higher total cost alternative would have to be worth
in dollars in order to make decision makers indifferent between the higher cost alternative
and the one with the least total cost. : .

The base to which alternatives are compared in current practice also poses a problem. In
“current practice, the base used for comparison is usually a future year "do-nothing", or "no-
build plus Transportation System Management (TSM)" alternative.  Benefits of the
alternatives are calculated based on savings with respect to the base. However, the savings
‘estimates will not be real if the base itself could never exist in reality, which is often the
~case. For example, before the large delays forecasted under base conditions could ever
* occur, it is probable that travelers would change their travel patterns (either traveling at
different times of the day, by different modes, to different destinations, or by different
- routes); or they may even decide not to make the trip. It is therefore probable that benefits
_claimed for alternatives by comparing them to the base are inflated to some extent. (Note.
_ that travelers do suffer losses in overall utility when they are compelied to shift their travel
patterns; however, the increase in travel times modeled under the typical base year scenario
probably overestimates their utility losses.) -

The least total cost approach as applied in this paper embodies the following major f¢atures:

1. A comprehe_nsive' accounting is made of the full costs of the current transportation
system as well as the future alternatives, to the maximum extent feasible. User
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benefits or external benefits in excess those for the least total .cost alternative are
included as negative costs for the: remaining alternatives.

2. ‘The effectiveness of alternatives is measured using a common measure which
describes the chief "deliverable” of an urban transportation system i.e. access. The
measure is person trips served, or the ability of alternatives to accommodate the
future increment in demand for trips. Where policies to shift person travel demand
to telecommuting, walk or.bicycle modes are to be evaluated, it is assumed that walk
and bicycle trips as well as "eliminated” trips from telecommuting are included in the
total of trips accommodated. Each alternative is assumed to be capable of providing
for the increment in demand for access, but at differing incremental cost, reducing
the problem to one of finding the least total cost alternative. .

3. Incremental costs of alternatives may be calculated relative to a real base, i.e. the
' - existing system and its travel demand, performance and cost.: :

4. Major' investment alternatives oriented to any mode can be compared. Also, they
can be compared with alternatives which involve no differences in public investment,
but only policy differences (e.g. land use plan and zoning changes, trip reduction
ordinances, and parking surcharges). : ‘

5.  Incremental cost per added trip may be computed by dividing the incremental costs
above the current year costs by the increment of trips served above the current year
trips. This measure clarifies the true costs of growth. '

APPLYING THE LEAST COST APPROACH

The approach is demonstrated in this paper through application to a case study using a
. simplified microcomputer-based spreadsheet (LOTUS 123). The focus of the case study is
. ‘on comparison of land use and IVHS strategies. A previous paper presented a.case study

application of the approach focusing on evaluation of major transportation - investments (8).

 Unit costs of travel differ depending primarily on two variables: (1) time of day e.g. peak
or off-peak; and (2) type of trip e.g. personal travel for work, personal travel for non-work
. purposes, or freight travel. These two variables can be used to categorize travel demand
into six travel markets. The case study application focuses on the peak period work
(person) travel market. ; '

All costs for providing access are included in the evaluation of costs for accommodating

future trips, whether or not the tripmaker bears them directly. Costs may be categorized
based on whether or not they have market prices. Market-priced costs include dollar costs
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borne prlvately by system users and publicly by transportation or other agencies. Market-
priced costs may be categorized as private vehicle costs, publxc transportation system costs,
highway facility costs and safety and’ security costs. Costs which havé no market prices
. include travel time costs, environmental costs, pain and suffering components of accident
costs, and other social costs such as community disruption. They may be borne by system
users (e.g. travel time costs) or externally (e.g. environmental costs).

Dollar value estimates of many of these costs may be found in the literature, as indicated
in Table 1. However, there are other social costs for which it is unlikely that dollar values
can be developed -- they will simply have to be listed with estimates of their ~orders of
magnitude for consideration. in trade-off evaluation in the decision-making process.
Examples of these impacts are: national defense implications for protection of oil sources,
community = cohesion or disruption, community pride, aesthetics, accessibility of
- .disadvantaged segments of the population, loss of cultural, historic, recreational and natural
resources, loss of open space. and depletlon of non-renewable energy resources.

Cost parameters used in the apphcatlon example presented in this paper are based on valies
shown in Table 1, with appropriate adjustments as presented in Table 3 for IVHS
alternatives. The adjustments account for cost increases due to IVHS technology (both
publicly and privately borne) and cost savings from reduced accidents and reduced needs
for new highway lanes. More detailed methods for calculation of costs could certainly
provide more accurate estimates of costs. The purpose of the example is simply to
demonstrate how the approach may be used in real world situations, and not to provide
definitive answers about the cost-effectiveness of the alternatives evaluated.

The basic process for computation of costs is indicated in Figure 1. The process relies
: heav1ly on output from the four-step travel demand modeling process (9), both for the base
_year. condition- as well as for future year alternatives. As Figure 1 indicates, the outputs -
from the travel models needed for input into the costing procedures .are the following, for -
each person travel market: (1) person trips by mode (from mode choice); (2) travel miles
(from trip assignment) by mode -- person miles of travel (PMT) on transit line-haul and
_transit access modes, as well as vehicle miles of travel (VMT) on the highway system; and
(3) travel minutes (also from trip assignment) by mode. As Figure 1 indicates, the travel
measures 6utput from the travel models are input into cost models which provide unit cost
parameters for the various cost components. Unit costs may be costs per trip, per PMT, per
" VMT or per mmute of travel time, as indicated in Table 1.

The case study urban area was Washington, DC. A previous study (10) provided model

output data. In cases where needed travel parameters were not available from the study
report, national averages from the Nationwide Personal Transportation Study (NPTS) were -
used (11). The Washington, DC study involved analysis of the systemwide travel and
transportation - system impacts of two alternative urban development patterns for the year
2010. - The first alternative (BAL) promoted a closer balance between housing and
employment growth, both regionwide and within individual "employment growth" sybareas
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within the region. The second alternative (CONC) maintained regionwide balance between
housing and employment as in the first alternative, but concentrated employment in areas
with good transit service and significant levels of transit use at the job end of the work trip.

The study also provided a base model run for 1995.  To demonstrate the application of the
least total cost approach with IVHS alternatives, two new alternatives were developed by
the author. Both built upon the concentrated (CONC) alternative. The first alternative,

IVHS(S), assumed use of only supply-enhancing IVHS technologies such as technologies
which smooth the flow of highway traffic, provide priority to transit vehicles, provide real-
time information to highway and transit users, provide new services e. g. single-trip
carpooling, and enhance highway and transit safety. The second alternative, IVHS(D),

added to IVHS(S) by managmg demand through pncmg mechamsms for peak use of
highways.

The travel data and results of the cost analysis are presented in Table 2. A comparison of
total costs which were calculated by the spreadsheet suggests that the concentrated (CONC)
alternative has lower total costs than the balanced alternative (BAL). Based on the liberal
use of cost and travel demand assumptions for IVHS by the author, the IVHS(S) scenario
could save about $400,000 daily in aggregate mobility costs relative to the concentrated
(CONC) scenario. For the IVHS(D) scenario, the savings would be about $5.7 million daily.
Public agency costs (for highways and for public transportation deficits assuming a 40%
farebox recovery rate) would be about $244,000 lower daily under IVHS(S) and $3.4 million
lower daily under IVHS(D). As indicated earlier, the cost totals include only those cost
items included in Table 1, and exclude some ‘non-monetizable environmental and social
costs. Many of these costs are primarily related to auto travel. Since the IVHS(D) scenario
involves much less auto “travel than the other scenarios, additional savings in non-
monetizable environmental and social costs may be expected. '

Table 2 also indicates that, while providing mobility currently costs about $5.90per work trip
(including all cost items listed in Table 1), the cost per new trip added by 2010 will be
significantly higher under all future alternatives except for IVHS(D). Average cost per
added trip amounts to $10.35 under the balanced scenario, $10.03 under the concentrated
scenario- and $9.54 under the IVHS(S) scenario, but only $3.00under the IVHS(D) scenario.

Note that Table 2 includes a line item for "negative costs". These are the additional user
benefits for the BAL, CONC and IVHS(S) alternatives relative to the IVHS(D) alternative,
reflecting primarily the consumer surplus enjoyed by single. occupant vehicle (SOV) drivers
who are tolled off by the IVHS(D) alternative. This consumer surplus is calculated by
multiplying the number of SOV drivers tolled off by half the tolls they would have had to
pay. The IVHS(D) alternative is assumed to cause shifts of SOV drivers to other modes
only, since work trips are not very likely to shift out of the peak periods during which tolls
apply due to limited flexibility of work start and end times. (Note that there may be some
debate as to whether the consumer surplus losses suffered by tolled off SOV drivers have
already been accounted for through the higher travel times on the HOV and transit modes
which are included in the "positive" cost totals. - The excess travel time costs incurred by



‘ SOV drivers who shift modes may need to be subtracted if their consumer surplus losses are
“included .as negative costs. The spreadsheet has not been set up to do these calculations at

this time.)

CONCLUSIONS

‘This paper has explained the theory in support of a least total cost approach to compare
~ transportation investment alternatives across modes, and to compare significant changes in
management and land use policies. The approach .is based on assessing the relative
.-economic efficiency of alternatives by determining which alternative involves the least total
cost for providing access for various travel markets. The approach has been demonstrated
- through application of a simplified analysis technique using a LOTUS 123 spreadsheet.
Results from the analysis have been presented for demonstration purposes only. The
application of the approach to the case study suggests that the approach can be a useful tool
‘for comparison of multxmodal investment, IVHS, management and land use policy
alternatives. \ : '
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Cost_ Component
‘Market-Priced Costs:

Vehicle
Operation
Ownership
Parking -- Downtown
-- Other
Highway
Oper. & Maint. -- auto
-- bus
Added capacity -- auto
- bus

Public Transportation

Bus system -- line-haul
-- feeder
Subway system

- Safety & Security

Public services -- auto
-- bus
-- rail

Accident (market) -- auto

-- bus
--rail .-

_Costs With No Market Prices

Travel time

-Environmental

* Air pollution
Water pollution
Noise .

" Solid/chemical waste
Oil extraction

(Subtotal)
Accidents (noanarket) _-- auto
-- bus
-- rail

TABLE 1|

EXAMPLE UNIT COSTS

Unit Cost

7.4 cents/VMT
$ 3.12/trip
$ 3.00/trip
$ 1.00/trip

1.8 cents/VMT
2.9 cents/VMT
62 cents/added VMT
99 cents/added VMT

$ 3.00/trip
$ 1.50/trip
$ 4.25/trip

1.1cent/VMT

1.1 cent/VMT
0.22cent/VMT -
4.2 cents/VMT
8.4 cents/VMT
1.68 cents/VMT -

$ 4.50/hour

2.4 cents/VMT
0.2 cent/ VMT

_0.16 cent/VMT

0.2 cent/VMT
1.5 cent/ VMT
4.46 cents/VMT

7.8 cents/VMT
15.6 cents/VMT
3.12 cents/VMT

Source

Ref.1 (less 1 cent fuel tax)
Ref.1 (less acc. insurance)
Ref.1 (plus land cost)/2 trips

" Ref.1'(plus land cost)/2 trips .

Ref.2

Ref.2, bus/car egivalency = 1.6

Ref.2, Los Angeles Plan data
Ref.2, bus/car eqivalency = 1.6

Ref.3, in current dollars
Ref.3, divided by 2
Ref.3, in cutrent dollars -

Ref.4, in current dollars

- Ref.4, in current dollars

Ref:4, adj. for acc.rate in Ref.1
Ref.7

Ref.7

Ref.7 adj. for acc.rate Ref.1

. Estimated

Ref.4, in current dollars

" Ref.12

Ref.4, in current ‘dollars ,
Ref.5 :
Ref.5

Ref.7
Ref.7
Ref.7



TABLE 2

COSTS FOR WEEKDAY PEAK PERIOD WORK TRAVEL

Peak gériod travel data (millions per day)

Trips: SOV trips
Carpool person trips
- Transit person trips

Total. person trips
Total vehicle trips

VMT: Total (incl.bus and transit access)

Time: Total (incl. walk and wait time)

Peak mriod‘ travel costs (dollars per day)

Market costs: Autb ($M)
" Transit ($M)
Total ($M)

Non-mkt costs: Tixﬁe (M) -
’ Environmental ($M)
Accident (pain) ($M)

Total costs:  Total .4ve costs (SM)
. ‘ Negative costs (M)
Net total costs

Avg. net cos't'ber trip
Incr. cost per added trip

Transp. agency: Tdtal"c;:sts ($M)
Incr. cost per added trip

- 1995

BASE

1.3748
0.9904
0.4599

2.8251
1.825

19.329

69.7967

6.883 .

2.106
8.989

5.235
0.862
1.514

16.600

' 5.876

1.817

2010
BAL

1.9308
1.1483
0.5563

3.6354

'2.453

25.931

88.4880

13.408

2.560
15.968

6.637
1.157
2.031

' 25.791
0.804

24.987

6.873
10.349

6.350
5.594

2010
CONC

1.8749
1.1751
0.5855

3.6355

2.409
25.498

89.1946

12.964
2.697

- 15.662 -

6.690
1.137
1.997

25.486
-0.762
24.724

6.800
10.025

6.171
5373

2010
IVHS(S)

1.8749
1.1751

0.5855

3.6355
2.409

25.498

- 86.2673

12.956
2.696
15.651

6.470
1.137
1.831

25.090
-0.762
24.328

6.692

. 9.536

5.927
5.071

2010 _
IVHS(D) .

0.8583
2.0916
0.6855

3.6354

1.809

19,333

91.6269

6.738
3.166
9.904

. 6.872

0.862
1.392

19.030 .
0.000
19.030

5.235
2.999

-2.761
1.164



TABLE 3

UNIT COST CHANGES FOR IVHS

Cost Component ‘ Unit Cost Rationale
Market-Priced Costs:
Vehicle : o '
Operation 8.4 cents/VMT ' 1 cent added for veh. gadgetry
Ownership : | $ 3.22/trip _ 10 cents added to veh. cost
Highwa
Oper. & Maint. -- auto 2.3 cents/VMT 0.5 cent added for oper
-- bus " 3.4cents/VMT 0.5 cent added for oper -
Added capacity -- auto 56 cents/added VMT : 6 cents reduced for efficiency
-- bus ’ 90 cents/added VMT 9 cents reduced for efficiency
Safety & Security . A .
Accident (market) -- auto 3.2 cents/VMT v 1 cent reduced for acc. savings
-- bus 6.4 cents/VMT 1 cent reduced for acc. savmgs-
-- rail 1.68cents/YMT : No change °
FIGURE 1

FULL COST ACCOUNTING
TRAVEL INPUTS

Land Use | TDM/Pricing ' Investment

— Travel Models — :
| | —— |
Tripe - Travel Miles Travel Hours
1 1
e Parking _ ® Highway capital & operation o Time
® Auto-ownership ® Accidents '

® Transit . ® Publio services
: : - @ Environmental

| !
| —+ FULL COSTS «
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